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Preface

Overview

This document mainly introduces key points and notes of hardware design for RK1808,
aiming at helping customers to shorten product design period, improve stability and reduce
failure rates. Please follow this guide strictly for hardware design, and use relative core boards
released by RK. If you need to change for particular reasons, please strictly follow high-speed
digital circuit design requirements and RK product PCB design requirements.

Chipset Model
The chipset model described in this document is: RK1808

Applicable to object
This document is mainly suitable for the following engineers:
® Hardware development engineers
® Field application engineers
® Test engineers
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Acronyms include abbreviations of commonly used phrases in this document.
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Chapter 1. System Overview

1.1 Overview

RK1808 is a high-performance, low-power processor with dual-core Cortex-A35 and a
hardware neural network processing unit integrated. Its flexibility and compatibility make it
one of the mainstream solutions for smart IoT devices.

RK1808 has a variety of powerful embedded hardware engines that provide superior
performance for advanced applications, embedding a powerful neural network processing unit
(NPU); supporting full-format H.264 1080p@60fps decoding and H.264 1080p@30fps
encoding and high quality JPEG encoder/decoder.

RK1808 features a high-performance memory interface (DDR3/DDR3L/LPDDR3) that
provides high memory bandwidth.

RK1808 chip operating temperature: 0-80 °C; RK1808K (wide temperature) chip operating
temperature: -20-85 °C.

1.2 Block Diagram

RK1808

32KB 1/D Cache 128KB L2
NEON/FPU

Clock&Reset
USB2.0 HOST

USB2.0 OTG
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512KB Internal Buffer
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UARTx8
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2D Graphic Engine TSADC

SDIO3.0 JPEG Decoder

SARADC

12Cx6 JPEG Encoder

VA

Watchdog

H.264 Video Encoder

Interrupt Controller

| |
| |
| |
GPIOX5 | H.264 Video Decoder ‘
| |
| |

ISP

VOP_LITE
(1080p display controller)

VoP_RAW BOOTROM(24KB)

(Image data transfer
controller)

PMU_SRAM(SKB)

Parallel RGB Interface

SYSTEM_SRAM (2048KB)
MIPI 4 Lane TX

Serial Flash Controller

SPI NOR/NAND Flash

32bit DDR controller
DDR3/LPDDR3/LPDDR2 1600

Non-Secure eFUSE

MIPI 4 Lane RX 1Kb

16bit VIP
{Camera IF)

Secure eFUSE {1Kb)

Figure 1-1 RK1808 Block Diagram
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1.3 Application Block Diagram
1.3.1 RK1808 Single chip application block diagram

. @ MIPI LCD
—_— @ RGB LCD

"__/" MIPI CAMERA

—

— CIF CAMERA
WIFI/BT
>
use30/use20 HosT (LRl «—— — - R4S PORT
_ ht
12v/24
‘ 0.8V/1.2V/1.8V...

1 —_— Audio

f—- Battery

Figure 1-2 RK1808 single chip application block diagram

1.3.2 RK1808 EDGE COMPUTING application block diagram

Option
MIPI CSI '————‘ MIPI CAMERA

Option
Q CIF CAMERA

Down loader

Connector mode:
1.usb20+usb30+gpiox2
2.usb20+mipi+gpiox2

3.usb20+pcie(option)

0.8V/1.2V/1.8V......

Figure 1-3 RK1808 edge computing application block diagram

Above are application block diagrams of RK1808, please refer to the reference design
schematic released by RK.
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Chapter 2. Schematic Design Recommendations
2.1 Minimum system design

2.1.1 Clock circuit

24M clock of RK1808 chip is provided in two ways. One is provided by 24M crystal oscillator,
and the other 24M is provided from the OSC_24M_1IN pin input of external clock source. These
two clock inputs are configured by the pin OSC_BPASS (Pin AV24). When OSC_BPASS= 0, it
is provided by 24M crystal oscillator, when OSC_BPASS=1, 24M clock is provided by external
clock source input from OSC_24M_IN pin. As shown in Figure 2-1.

PMUIO1 /OSC 2 1._C1100 U1000C
| 100nF
;:21;'91 RESET L3> gg;oz AWZ3 |\ oo
ez g 16V AV | 5sc_24M_IN
Y1100 1 || 2 50V I R1101
24MHz ™
CRY4_3R20X2R50X0R80 1%
! X1 GND 4 F21110’2\/\/‘ 2 R0402 AWT 0SC_24M_OUT
2 GND X2 3 ggﬁR VCC_1v8 0O Ad15 0SC_VDD_1Vv8
<=20pp RO402 )| A815 | osc_vss
OSC_BPASS _
FH ] 521;,93 AV24 | 0SC BPASS 2z T¢
- cos02 VDDA 0v8  O———13{ by AvDD_ovs
- oV VDD_0V8  O—=="" ppLL_AVDD 0V8

AA15
O—
VCCA_1V8 AJ71| PLL_AVDD_1v8

vCcC_1v8  O——=2 1 ppI AVDD 1v8

|| =T ¢Roa0z I AA13
1 2 |
VCC_1V8O—x776a 0K %% R0402
RK1808

Figure 2-1 RK1808 Crystal connecﬁon method and device parameters

I\ o

The values of capacitors C1101 and C1103 need to be selected according to actual nominal
load capacitance value of the crystal. 22pF is the capacitance value chosen by RK, not the
common value.

PLL_AVSS

24M clock parameters are shown in Table 2-1 below:
Table 2-1 RK1808 24MHz clock requirements

Parameter Specification Description
Minimum Maximum Unit
Frequency 24.000000 MHz
Frequency deviation +/-20 ppm Frequency tolerance
Operating temperature | -20 70 °C
ESR / 40 Ohm

When RK1808 chip is on standby mode, it will switch from 24M clock source to 32.768KHz
clock of external input or 32.768K clock of the chip's internal PVTM output, by reducing
system clock frequency to reduce system power consumption, the external 32.768K signal
can be obtained from PMIC or external RTC clock source, as shown in Figure 2-2.

12C1_SDA/GPIO0_C1_d Fawi3
CLKIO_32K/GPIO0_C2_z [~ay18 < CLKOUT 32K

PWM1/UART3 TX/GPIO0 C3 d a4
Figure 2-2 RK1808 Standby clock input
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The external 32.768 kHz RTC clock parameters are shown in Table 2-2.
Table 2-2 RK1808 32.768KHz clock requirement

Specification Description
Parameter — - -
Minimum Maximum Unit
Frequency 32.768000 MHz
Frequency deviation +/-30 ppm Frequency Tolerance
Operating temperature -20 70 °C
Duty cycle 45-55 %

2.1.2 Reset circuit

RK1808 internally integrates a power-on reset circuit, POR (Power on Reset) for short,
which is effective for low level, capacitor C1100 is used to eliminate jitter, please place it close
to the NPOR pin of RK1808. The shortest reset time to ensure the chipset working stably and
normally is 100 cycles 24MHz main clock period, that is 4us at least.

|||| 2 || 1 C1100 U1000C
| | | 100nF
RESET_L>» )c(:g4R02 AWZ3 | \por

Figure 2-3 RK1808 reset input

2.1.3 System boot sequence

System boot sequence priority of RK1808 from high to low is as follow:
® SPI2APB interface(or named SPIO)

eMMC interface

SFC interface

SDMMC interface

USB OTG interface

2.1.4 System initialization configuration signal

There are two important signals in RK1808, which need to be configured before power-on.
They are OSC_BPASS (clock source selection) and UART/JTAG/SDMMC reuse functions control
pins.

The 24M clock source of RK1808 needs to be configured by OSC_BPASS pin. Table 2-3 lists
the configuration.

RK1808 reuse JTAG\UART functions with SDMMC function to reduce IO pullout, you need to
switch output mode through the pin. The configuration is shown in Table 2-3.

Table 2-3 RK1808 System initialization configuration signal description

Signal Name Injg;rcllilenull Description
Clock source selection:
High 0: 24M crystal; (default)
OSC_BPASS . 1: External 24M clock is provided; (When RK1808 is
impedance

used as a slave device, it is recommended to used
this method)

JTAG pin reuse selection control signal:

0: Identified as SD card insertion,
SDMMC/JATG/UART pin is reused as SDMMC output;
1: Identified as SD card no insertion,
SDMMC/JATG/UART pin is reused as JTAG/UART
output (default);

SDMMCO_DET | pull up
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2.1.5 JTAG Debug circuit

JTAG interface of RK1808 is IEEE1149.1 standard. PC can connect DSTREAM simulator

through SWD mode (two-wire mode) and debug ARM Core inside the chip.
Before connecting the emulator, you need to ensure that SDMMCO_DET pin is at a high level,

otherwise you cannot enter JTAG debug mode. Interface description is shown as table 2-4:

Table 2-4 RK1808 JTAG Debug interface signal

Signal Name Description
JTAG_TCK AP JTAG clock input
JTAG_TMS AP JTAG mode selection input

2.1.6 DDR circuit

® 2.1.6.1 DDR controller introduction

RK1808 DDR controller interface supports JEDEC SDRAM standard, the controller has
following features:

B Support DDR3-1600/DDR3L-1600/LPDDR3-1600 standard;

B Provide one 32 bit DDR controller interface, support data bus bitwidth 32bit/16bit

configurable, address bus support up to 18bit max.
m Support DDR 2GB max.
B Support power down, self refresh etc. low power consumption mode;

® 2.1.6.2 DDR topology structure and connection method

RK1808 SDRAM topology structure is shown as figure 2-5, taking LPDDR3 as an

example:

RK1808

DDRC

DDR_DQ[15:0]

DDR_DQ[31:16]

DDR DQSP[3:0]

DDR_DQSN[3:0]

DDR_DM[3:0]

DDR_CLKP

DDR_CLKN

-

DDR_A[9:0]

DDR_CS[1:0]

DDR_CKE

DDR_ODTO

® 2.1.6.3 DDR power up sequence requirement

RK1808 DDR controller includes only one set of power supplies:

Figure 2-4 RK1808 LPDDR3 topology structure figure

DQ[15:0]
DQ[31:16]

DQSP[3:0]
DQOSN[3:0]

DM[3:0]

DDR_CK

DDR_CK#

A[9:0]
CS[1:0]
CKE

ODTO

LPDDR3

B DDRIO_VDD: Core power supply for DDR controller, I/0 interfaces power supply,
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and buffer power supply;

DRAM includes two sets of power. For power-on sequence, please refer to JEDEC

standard. For example, power-on sequence of LPDDR3 DRAM is shown in the following
figure:

After... Applicable Conditions

Ta is reached Vppi must be greater than Ppp>—200mV

Vppi and Vpp, must be greater than Pppea—200mV

Vpp1 and Vpp, must be greater than Vppo—200mV

VRes must always be less than all other supply voltages

Figure 2-5 LPDDR3 DRAM power up sequence

® 2.1.6.4 DDR support list
RK1808 DDR supports DDR3/LPDDR3 interface, the max working frequency up to
800MHz. Please refer to”RK DDR Support List” for details.
2.1.7 eMMC circuit
® 2.1.7.1 eMMC controller introduction

RK1808 eMMC interface supports eMMC 4.51 and is compatible with 4.41. The controller
has the following features:

B Support SFC FLASH, eMMC FLASH, does not support parallel nand FLASH;
B Supports 1-bit, 4-bit and 8-bit three kinds of data bus width;
B The maximum transmission rate reaches 150MB/s;

® 2.1.7.2 eMMC topology structure and connection method

Pulling up or down and matching design recommendations of eMMC interface as shown

in Table 2-5..
Table 2-5 RK1808 eMMC interface signal design
. Internal Pull . - .
Signal up/down Connection Method Description(chip side)

eMMC_DQ[7:0] pull up direct connection eMMC data send/receive
in series  with | eMMC clock send

eMMC_CLK pull up 22o0hm resistor

eMMC_CMD pull up In series with | eMMC command send/receive
22o0hm resistor

® 2.1.7.3 eMMC power up sequence requirement

RK1808 eMMC controller only includes one set of power:
B VCCIOO: I/O power supply for eMMC controller;

There are two sets of power supply for eMMC. Please refer to JEDEC standard for
power-on sequence:

B VCC and VCCQ have no power up sequence requirement.

B VCC and VCCQ must be powered up and keep stable working voltage before
RK1808 sending out CMD command;

B After the component enters sleep mode, RK1808 can cut off VCC power to lower
power consumption

m Before the component is waken up from sleep mode, VCC power must be on and
keep stable working voltage;

16




Rackchip #swsF Rev 1.0

- - . —_

Supphy voltage

: Command Input prohlblted

Command Input prohlblisd

Figure 2-6 eMMC component power up/down sequence

® 2.1.7.4 eMMC support list
Please refer to "RK eMMCSupportList”"for RK1808 eMMC interface support list.

2.1.8 SPI circuit
® 2.1.8.1 SPI controller introduction

There are three SPI controllers SPI0 (1CS), SPI1 (2CS) and SPI2 (1CS) in RK1808 chip,
which can be used to connect to SPI devices. SPI0 is embedded in APB master interface,
only supports slave mode, and is used for booting; SPI1 and SPI2 support both master
and slave modes.

® 2.1.8.2 SPIO topological structure and connection method

Pulling up or down and matching design recommendations of SPIO interface are shown

in Table 2-6.
Table 2-6 RK1808 SPI0 interface signal
Signal Internal Pull up/down Connection Method Description(chipset)
SPIO_MOSI | pull up direct connection SPIO data reception
SPIO_MISO | pull up direct connection SPIO data sending
SPIO_CLK | pull down In series with 22ohm resistor | SPI0 clock input
SPIO_CSN | pull up direct connection SPIO chip select signal

® 2.1.8.3 SPIO power up sequence requirement

SPIO controller power up requirement complies with power-up sequence requirements
of GPIO power domain.
SPIO has only one power supply, so there is no requirement for power-up sequence.
Power pin of SPI0O (VCCIOS5): Power is required at all times (with or without
SPIO0).
When system boot up, SPIO CS must be pulled up and cannot be pulled down.
Otherwise, the system cannot boot normally.

2.1.9 GPIO circuit

For RK1808, GPIO type is 1.8V only or 1.8V/3.3V two configurable modes, only need to
power supply 1.8V or 3.3V in the side of hardware, the voltage supplied by 10 is automatically
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detected in the chip, and corresponding registers are configured without software.

® 2.1.9.1 GPIO drive capability

In RK1808, GPIO provides adjustable 4 levels of drive strengths, which are
2mA/4mA/8mA/12mA respectively. Depending on the type of GPIO, the initial default
drive strength is also different. Please refer to chip TRM for configuration and
modification.

® 2.1.9.2 GPIO power

Power pins of GPIO power domain is described below:
Table 2-7 RK1808 GPIO power pins description

ngnv'\\laeirn GPIO Type Pin Name Description
PMU_VDD_0VS8 0.8V logic power for this GPIO domain (group).

PMUIO1 | 1.8Voonly 5y 5161 vDD_1v8 | 1.8V 10 supply for this GPIO domain (group).
PMUIOZ2 | 1.8V/3.3V | PMUIO2 1.8V or 3.3V IO supply for this GPIO domain (group).
VCCIOO | 1.8Vv/3.3V | VCCIOO0 1.8V or 3.3V IO supply for this GPIO domain (group).
VCCIO1 | 1.8Vv/3.3V | VCCIO1 1.8V or 3.3V IO supply for this GPIO domain (group).
VCCIO2 | 1.8V/3.3V | VCCIO2 1.8V or 3.3V IO supply for this GPIO domain (group).
VCCIO3 | 1.8V/3.3V | VCCIO3 1.8V or 3.3V IO supply for this GPIO domain (group).
VCCIO4 | 1.8V/3.3V | VCCIO4 1.8V or 3.3V IO supply for this GPIO domain (group).
VCCIOS | 1.8Vv/3.3V | VCCIOS 1.8V or 3.3V IO supply for this GPIO domain (group).
VCCIO®6 | 1.8V/3.3V | VCCIO6 1.8V or 3.3V IO supply for this GPIO domain (group).
VCCIO7 | 1.8V/3.3V | VCCIO7 1.8V or 3.3V IO supply for this GPIO domain (group).

2.2 Power design

2.2.1 Minimal system power introduction

® 2.2.1.1 Power requirement

PLL: PLL_AVDD_O0V8. PLL_AVDD_1V8. PPLL_AVDD_0V8. PPLL_AVDD_1V8
OSC: OSC_VDD

CPU: CPU_VDD

LOGIC: LOG_VDD

NPU: NPU_VDD

DDR: DDR_VDD

GPIO: PMU_VDD_0V8. PMUIO1_VDD. PMUIO2_VDD. VCCIOO0. VCCIOS

® 2.2.1.2 Power up sequence

Theoretically comply with this rule: for the same module, power up from low voltage to
high voltage, and the same module and same voltage power up at the same time. There
is no power up requirement among different modules.

Reference power up sequence is recommended as below:

LL_AVDD_OV8&PPLL_AVDD_0V8&PMU_VDD_0V8&LOG_VDD&CPU_VDD-->0SC_VDD&
DDR_VDD &PLL_AVDD_1V8&PPLL_AVDD_1V8&PMUIO1_VDD_1V8
&VCCIO0-->PMUIO2->NPU_VDD

For more detailed power-up sequence, see "power diagram and sequence" page of
RK1808 reference diagram.

(Note: The above power names are all named by the chip pins)

2.2.2 Power design suggestions
® 2.2.2.1 Standby circuit solution

RK1808 board-level system adopts a standby solution, which is divided into a normal
power supply area and a standby power-down area. The two parts are independently
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RK809-2

BUCK1
BUCK2
LDO1
LDO4

LDO8

LDO9

BUCK3

LDO3
LDO2

BUCK4

VDD_LOG

powered, as shown in Figure 2-7.

VDD CPU

VDDA_0V8

VCCA_1V8

VCCIO_SD

VCC3V3 SD

VCC_DDR

RK1808

LOG_vDD
ARM VDD
PLL 0V8 NPU_VDD
PLL AVDD_1V8

VCCIOQ6

VCC3V3_SD

Power off in standby

VDD_NPU

VDD_0V8

vee 1ve

vCC_3V3

RK1808:DDR_VDD
LPDDR3:VDDQ/VDD2

PMU_VDD_0V8/PPLL AVDD_0V8
0SC_VDD_1V8/PMUIOLl VDD 0VS8/PPLL_AVDD 1V8

PMUTIOQZ2_VDD

Alway on power supply

Figure 2-7 RK1808 standby circuit solution

BUCK 5A

Standby power off and constantly power supply areas are directly powered by RK809-2
(except NPU) and control each power supply to be turned off independently. Need to keep
below four sets of power on at least in standby mode:
m VCC_DDR: Power for DDR self-refresh;

m VDD_0V8: Power for PMUIO & PPLL_AVDD and IO power for PMU output status

and interrupt response.

m VCC_1V8: Power for PMUIO1 & PPLL_AVDD &0OSC_VDD, and supply power for
PMU, PPLL and OSC working.
m VCC_3V3: Power for PMUIO2 power domain

® 2.2.2.2PLLpower

There are 6 PLLs inside RK1808 chip, they are allocated as below:

Table 2-8 RK1808 internal PLL introduction

Quantity Power Standby Status
PMU 1 PPLL_AVDD_0V8/PPLL_AVDD_1V8 | Do not power off
Modules inside 5 PLL_AVDD_0V8/PLL_AVDD_1V8 | Can be powered off

the chip

It is recommended to use LDO to supply power to PLL separately. Especially for because
PCIE/DDR operating frequency is high, stable PLL power supply is helpful to improve the
operating stability at high frequencies, and decoupling capacitors should be placed close
to the pins.
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lose to ACL5 and AALS pin

® 2.2.2.3CPUpower

RK1808 uses independent power domain to supply power for CPU. VDD_CPU supply

Figure 2-8 RK1808 chip PLL power

close to AGll and AJ11 pin

Rev 1.0

VDDA_0V8 O ﬁg] ? PLL_AVDD_0V8

VDD_0V8 O PPLL_AVDD_0V8

VCCA_1V8 O %1 ? PLL_AVDD_1V8

VCC_1V8 O PPLL_AVDD 1V8

I|I A3 pLL Avss
RK1808

EVDDA_OVB VCCA_1V8 . VDD_OV8  VCC_1v8
g o o P o) o) ;
; C1108 c1106 | ! c1107 c1109 !
t 7| 100nF 7| 100nF | i | 100nF 100nF
I TX5R X5R 1 ——X5R ——X5R |
i 16V 16V i 16V 16V !
% co201 | coz01 | “ co201 | coz201

power for ARM Cortex-A53 core shown as below figure, support DVFS dynamic voltage
and frequency scaling function, use BUCK2 of RK809-2 to supply power, the peak current
can reach up to 850mA, so please do not delete or reduce capacitors in RK1808 reference
design schematic. For layout, put big capacitors in the back side of RK1808 chip (or put it
close to the chip if only one side) to ensure the power ripple within 60mV in case the
power ripple becomes too big with heavy load. Capacitors are shown as figure 2-10.

ARM_VDD 1
ARM_VDD 2

AC19

AE19

Figure 2-9 RK1808 chip VDD_CPU power

¢—OVDD_CPU
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VDD_CPU
1 .
c117 _| c118 _| c119
“| 470F 100nF 100nF
—L—ysR ——X5R ——X5R
6.3V 16V 16V
N coao2 N co201 | co201

Figure 2-10 Decoupling of RK1808 chip VDD_CPU Power Supply

® 2.2.2.4LOGICpower

RK1808 LOGIC power uses BUCK1 of RK809-2 to supply power, as shown in the figure
below, VDD_LOG supports DVFS dynamic voltage and frequency scaling function, peak
current up to 1A, so please do not delete or reduce capacitors in RK1808 reference design
schematic. For layout, put big capacitors in the back side of RK1808 chip (or put it close
to the chip if only one side) to ensure the power ripple within 50mV in case the power
ripple becomes too big with heavy load. Capacitors are shown as picture 2-12.

U1000P

VDD_LOG 0O 5]; LOGIC_VDD _1

Wi7 | LOGIC_VDD_2
AAT7 | LOGIC_VDD_3
LOGIC_VDD 4

Figure 2-11 RK1808 chip VDD_LOG power

VDD_LOG

S

c100 _| €101 _[ C102 _| C103

| 22uF 100nF 100nF 100nF
——X5R —_—X5R ——X5R ——/X5R
6.3V 16V 16V 16V

N cosos | co201 C0201 C0201

Figure 2-12 RK1808 chip power decoupling capacitors

® 2.2.2.5DDR power

RK1808 DDR controller supports various types of DDR, such as DDR3/DDR3L/LPDDR3.
Only need to provide DDRIO_VDD power, power levels are different when DDR
components are difference, 1.2V/1.35V/1.5V three-level adjustable.Tthis voltage is
powered by RK809-2 BUCK3, for product design, adjust feedback resistances and confirm
output voltage meets DDR component power requirements according to the actual usage
cases.

RK1808 DDR controller internally integrates Vref circuit, which will output adjustable
VREFO_DDR voltage for DDR component and save external voltage divider resistor circuit

21



RackchiD sswmss Rev 1.0

(see Figure 2-14 below); when LOG is turned off, VREFO_DDR will also be Turn off. Vrefca
at the component side must be kept powered at all times (self-refresh needs). Vrefdq can
be turned off during DDR self-refresh. Therefore, VREFO_DDR output from RK1808 can
only be used for Vrefdq of the component; unless DDR is not used for power-saving
function and no need to enter self-refresh state.

On LPDDR3 DRAM side Vref_CA=VCC_DDR/2, and Vref_DQ needs to be adjusted
according to ODT strategy, and the corresponding Vref voltage can be adjusted according

to drive strength and ODT value.

For example, at the frequency of 800MHz, the drive strength of RK1808 chip side is
34ohm, and ODT of DRAM side is 240ohm. When ODT is enabled, DRAM

Vref=0.562*VCC_DDR calculated according to the formula. Therefore, VREFO_DDR

voltage of RK1808 only needs to set the output of 0.674V.

DDR_VERFO

J23 PHY out VCC DDR/2

DDR_RZQ

OVREFO_DDR

1 2
R1200 200K 1% R0207

DDR_VDD_1
DDR_VDD_2
DDR_VDD_3
DDR_VDD_4
DDR_VDD_5
DDR_VDD_6
DDR_VDD_7
DDR_VDD_8

DDR_AVSS

Figure 2-13 RK1808 chip DDR controller power

VCC_DDR

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

VREFCA_DDR

OVCC_DDR

VREFDQ_DDR

VREFO_DDR

1 2 1 2
3 P R3104 0K 5% R0402 R3105 oK 5% Ro402
P C3116 H ; - C3117 ¢
R3106 T | 100nF ! ! | 1nF ] : R3107 T | 100nF !
10K =—=X5R | ! XTR i 3 13K T —=X5R !
R0402 [ 18V | ! o 5OV i : RO402 | 16V | _| cans
o 1% C0402; ! co402 | : o 1% C0402 | Close to __;-;FR
P i : i in J11 T
e e P ol 50V
= = = ‘ = = €0402
Put Together Close to {  Put Together L
i1 pin H4 i 1 =
Note: Rackch
Vih=vCC mm g Fuzh
Vil=VCC*Ron/ (Ron+Rodt) Project: |RK1808_REF_V10
VREFDQ DDR=(Vih+Vil) /2
- File: 31.RAM LPDDR3 1x3
eg:VCC=1.2V,Ron=34ohm, Rodt=240chm Date Thursday, January 03, 2019
so,Vih=1.2V,Vil=0.149V,VREFDQ DDR=0.674V Designed by: | Raf

Figure 2-14 RK1808 LPDDR3 DRAM VREF power design

A Note

Vref_DQ design for various types of DDR components:

LPDDR2 doesnot support ODT function;, DDR4 Vref_DQ is adjusted inside the DDR parts; while
DDR3/DDR3L ODT function is enabled, it will pull up/down simultaneously internally,
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Vref_DQ=Vref_ CA=VCC_DDR/2; Only LPDDR3 needs to adjuct Vref_DQ.

® 2.2.2.6 NPUpower

NPU power of RK1808 uses external BUCK power supply, as shown in Figure 2-15 below,
NPU power supports dynamic frequency and voltage scaling, and the peak current can
reach 5A. This power supply current will instantaneously jump 3.5A/10uS, so it is required
the selected BUCK transient response should be good enough, and the ability with load
should be strong; For layout, should place 2x22uF large capacitors on the back of RK1808
chip (please place close to the chip if only one side) as shown in Figure 2-16; The total
capacitance on this power supply path requires more than 220 UF. Please do not delete the
capacitors in RK1808 reference design schematic to ensure that the power ripple is
controlled within 90mV (when operating frequency is 800M), to prevent power ripple
being too large under large load. The filter capacitors are shown in Figure 2-17.

VCCA_1v8 VCC5V0_SYS

1

U2003

L2002~~~ 0.24uH VDD_NPU_P

VDD_NPU

u
IND 252012

C2024 | gl VIN.1 - SW_1 "Ry 1 C2025 _| C2026 _| C2030 _| C2031
weo Dw BRI SR S dlded o e or o
o _4 .
N & R S o R L~ 123:05 o s o] 30 o] 53k
NPU_PWREN_H E‘éms i?ﬁgf? NPU SLEEP H ,;1 ;giﬁ EEE% gz VOD_NPU_FB = = = =
5% C0402 A3 C2
R0402 o] xsR 18V scL anod e
B4 AGND GND6 c4
= ([ =
wicsp20_2r00x1r60x0r66
b 5> 12C0_SCL_PMIC Feedback from RK1808
= { »> 12C0_SDA_PMIC o
DCDC RK1808
Figure 2-15 NPU Power design
I_._._._._._._._._._._._._._._._._._._._._._._._i
i Must close to power's pin.:
| [}
i i
g VDD_NPU |
| []
i i
u23 :
n & !
EEH-XBB-; W23 | C121_| €107
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T ]
NPU_VDD_5 [mA¢23! C0603| C0603 |
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Figure 2-16 RK1808 NPU controller power
VDD_NPU
(o]
- c108 C109 C110 - C111 - C112 C113 C114 C115 C116
100nF T | 100nF * | 100nF |_100nF 100nF | 100nF ©| 100nF T | 100nF 100nF
——X5R X5R X5R  =—X5R X5R " —X5R ——X5R X5R 16V
~ 16V 16V 16V ~ 16V . 16V o~ 16V o~ 16V 16V X5R
C0201 00201 C0201 C0201 C0201 C0201 00201 C0201 C0201

Must close to NPU power's pin.

Figure 2-17 RK1808 NPU Power filter capacitors
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® 2.2.2.7GPIOpower

Please refer to chapter 2.1.9 for GPIO power circuit. It is recommended to place a 100nF
decoupling capacitor on each pin and place it close to power pin. For detailed design,
please refer to RK1808 reference design schematic.

2.2.3 Introduction of RK809-2 solution

® 2.2.3.1 RK809-2 block diagram

VT _Io

AP

1 VRN DLUTT 'i".“\'l:H.TI
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® 2.2.3.2 RK809-2 features

VCC_RTCmust be the highost voltags in the REEIS

Figure 2-18 RK809-2 block diagram

®  Power input range: 2.7V-5.5V

Including accurate volt-ammeter for single battery voltage and current two ADC
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Built-in real time clock (RTC)
Very low standby current of 25uA (at 32KHz clock frequency)
Real-time output headphone drive
Is a 1.3W Class D amplifier that does not require external filter inductors
Programmable power supply power on sequence and voltage values
Built-in high performance audio codec
Built-in independent PLL
Support microphone input
Support for programmable digital and analog gain
Support bit rate of 16bits-32bits
Sample rate up to 192kHz
Software supports master and slave two working mode configurations
Supports 3 I2S formats (standard, left aligned, right aligned)
Support PDM mode (external input PCLK)
wer supply:
Channel 1: Synchronous Step-Down DC-DC Converter, 2.5A max
Channel 2: Synchronous Step-Down DC-DC Converter, 2.5A max
Channel 3: Synchronous Step-Down DC-DC Converter, 1.5A max
Channel 4: Synchronous Step-Down DC-DC Converter, 1.5A max
Channel 5: Synchronous Step-Down DC-DC Converter, 2.5A max
Channels 6-7, 9-14: Low Dropout Linear Regulator, 400mA max
Channel 8: Low-noise, high power rejection ratio Low Dropout Linear
Regulator, 100mA max
Channel 15: Switch, 1.5A max
Channel 16: Switch, 3A max
ackage: 7mmx7mm QFN68

]
€O G000 06060 70600009090

e

® 2.2.3.3 RK1808+RK809-2 Power Tree

RK1808 uses RK809-2+external buck power supply solution. The following figure shows
the power architecture diagram.
See RK1808 reference diagram "Power diagram and Sequence" page for details.
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Figure 2-19 RK809-2 Power architecture

® 2.2.3.4 RK809-2 notes

B The recommended matching capacitance of 32.768 crystal is 22pF. Customers
can fine tune this parameter according to the specifications of the crystal used.

ANote

In oder to reduce consumption, The crystal signal driving ability of PMIC RTC is weak, it is not able to
measure oscillation signal in XOUT or XIN pin using normal oscilloscope, or oscillation will stop once the probe
touch it. Please use CLK32K pin if need to measure 32.768k signal.

®m  VCC_RTC must be powered, and its voltage value must be the highest among
RK809-2 power.
B BUCK1 and BUCK2 output capacitors must be over 30uF to guarantee good
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decoupling effect, especially in high current and heavy load cases, it is better to
increase output decoupling capacitor value.
B RK809-2 comes with USB OTG power supply function SWITCH1, with short circuit
protection function, can be configured with 1.5A output current limit;
B The boot logic directly controlled by input power is as follows: When there is a
power input, the primary DCDC buck outputs VCC5V0_SYS and VCC_RTC, the
power is passed through the external voltage divider circuit and then input to VDC
is greater than 0.55V. At this time, PMIC starts to work and output voltage;
B Boot and shutdown logic controlled by keys is as follows: PWRON pin has built-in
17K pull-up resistor, pull up to VCCRTC, it will automatically power on when it
detects low level for more than 500ms; if PWRON pin is pulled low for more than
6s after boot, it will force shutdown (usually used for forced shutdown after
system crashes, and then power on); during suspend and wake-up operations,
low level of PWRON pin needs to be maintained for more than 20ms.
M RK809-2 basic working conditions:
¢ VCC_RTC is powered;
¢ VCC5V0_SYS is powered, ;
€ One of the following three cases is detected: RK809-2 automatically powers
up: PWRON pin is low and maintains 500mS; VDC voltage exceeds 0.55V;
internal RTC Alarm is boot enabled and time is up.

€ Start power up process, every timing interval is 2ms, the next timing will
continue only after the former one voltage output meets the requirement,
until all the timings power up, release reset, and then finish the process.

ExT_eN [0 SSEXT_EN_H

O TP2101 TP_0.5 VCC12V_DCIN
61

vDC -

R2124
100K

LE——pwRON [22 5%
«| RO402
j_c21 39 -
C0402 R2127
o 100nF 27K
18V 5%
X5R R0402

‘\‘ 2

—————o——o—>>PWRON

—C2143

— | -
SwW2101 °9

PWRON

SW4_6R50X7RO0X7R1 100nF
C0402

53| o X5R
16V
ES

2 |11

2101
. $D5451N

" ESD0402

Figure 2-20 RK809-2 PWRON pins

m  RK809-2 will power off automatically if any of the two cases below is detected:
¢ 12C write DEVICE_OFF=1;
€ PWRON pin keeps low level over 6s

B After RK809-2 starts power-off process, it will pull down “reset” after one RTC
clock cycle (after about 30.5us), and then turn off all power output at the same
time after 2ms to complete the power-off process;

® 2.2.3.5 RK809-2 design introduction

For RK809-2 design details, please refer to RK PMIC related design document “"RK809
application guide”
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2.2.4 Others

® 2.2.4.1 over temperature protection circuit

When RK1808 chip’s temperature is too high, crash or in other abnormal situations,
TSADC_SHUT pin will output low level, reset RK809-2, control the power to down and
clear the whole registers, and then restart:

TSADC_SHUT_MO/TSADC_SHUTORG/GPIO0_A6_z AWZ1 >>TSADC_SHUT L
PCIE_WAKE_MO0/GPIO0_A7_u AR21 >>MIC_LED_EN_H
8
8 PMU_VDD_0V8 (A7 5vDDovs_PMU
AJ1
PMUIO1_VDD_1V8 A9 Svectve Pmu

Figure 2-21 RK1808 TSADC_SHUT(OTP_OUT) protection output

1 2 9 68
| R21237 . 30K, 2 RO0402 5% CLK32K
R2125 RESET L 67
CLKOUT 32K 1 ,\%%/\ 2 | RESETB
402
5% RK809-2
R2126
1 2
TSADC_SHUT L) '\%%452
5%
1 2
VCCIVE_PMUO——o7 00K 5% R0402
-— o™~
- Al swz1o00
— RESET
o SW2_6RO0X3R70X2R50

2147 ED2100
100nF ESD5451

o
X5R  ESD0402
16V
C0402

Figure 2-22 RK809-2 TSADC_SHUT(OTP_OUT) over temperature protection input

® 2.2.4.2 PMIC SLEEP circuit

When RK1808 is in normal working mode, the status pin PMIC_SLEEP will keep low level
output.

When system enters standby mode, PMIC_SLEEP pin will output high level sleep
indicator signal and at the moment PMIC will enter the standby mode as controlled by the
signal. As configured in firmware dts file, some power will be cut off and some will set
down voltage.

When system is waken up from standby mode, PMIC_SLEEP pin will output low level
first, and then PMIC will restore back to the previous working status and recover all power
outputs.
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->> PMIC_SLEEP_H

>>» NPU_SLEEP_H

>>TSADC_SHUT L

3> MIC_LED_EN_H

PMIC_SLEEP/TSADC_SHUT_M2/GPIO0_A4 _d AWTT
PCIE_PERST_MO0/GPIO0_A5_u AL1T
AW21
TSADC_SHUT_MO/TSADC_SHUTORG/GPIO0_A6_z
PCIE_WAKE_MO/GPIO0_A7 u AR21
8
8 pMU_vDD_ovs F— ovbbove_Pmu
PMUIO1_VDD_1V8 A8 ovectve PMU

Figure 2-23 RK1808 PMIC_SLEEP output

TP2100 (  PMIC INT L 7
TP 0.5
TP2102 PMIC_SLEEP_H 49
05 O SLEEP
R2123 1 . JQK. 2 R0402 5% 68 | -\ \aok
R2125 RESET L 67
CLKOUT 32K 1 ,\%%/\ 2 RESETB
402
5% RK809-2
R2126

TSADC_SHUT_LD>— '\%%4622

5%

Figure 2-24 RK809-2 PMIC_SLEEP input

2.2.5 Power peak current table

Below table shows three main power peak current test results in high load, high
temperature (88-90 degrees) mode based on RK1808 EVB V10, for reference only. Test

condition is as below:
® APK version: ripple_peak_current_test;
® CPU max frequency: 1.6 GHz;
® NPU max frequency: 800 MHz;

® DDR max frequency: 1x32bit LPDDR3 K4E6E304EB-EGCF, 800 MHz;

Table 2-9 RK1808 peak current table

Power Name Voltage (V) Peak Current (mA) Peak Ripple (mV)
VDD _CPU 0.9 826 26. 3
VDD_LOG 0.8 786 9
VDD_NPU 0. 85 2810 82
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2.3 Function interface circuit design guide

2.3.1 Memory card circuit

RK1808 provides one SDMMC interface controller which can support SD v3.0 and eMMC
v4.51 protocol, as shown in picture 2-25:
® SDMMCO controller has a standalone power domain;
® SDMMCO reuses with UART2, JTAG etc. Choose the function through SDMMCO_DET.
Please refer to chapter 2.1.4 for details;
® VCCIO_SD is IO power which needs 3.3V power from external(SD 2.0 mode) or
3.3V/1.8V adjustable power(SD 3.0 mode);

U1000H
AJ39
SDMMCO_CMD/TEST_CLKO/GPIO4_A0_u [~aHas SDMMCO_CMD
SDMMCO_CLK/GPIO4_A1_d [Fa53g SDMMCO_CLK
SDMMCO_DO/UART2_TX_MO/GPIO4_A2_u [FaE35 SDMMCO_DO/UART2_TX
SDMMCO0_D1/UART2_RX_MO/GPIO4_A3_u [~aF3g SDMMCO_D1/UART2_RX
SDMMCO_D2/JTAG_TCK/GPIO4_A4_u [~AE33 SDMMCO_D2/JTAG_TCK
SDMMCO_D3/JTAG_TMS/GPIO4_A5_u SDMMCO_D3/JTAG_TMS
AE31
VCCIO6 C1600 QOVCCIO_SD
| 100nF
RK1808 ——X5R
16V
~_co201

Figure 2-25 RK1808 SDMMC module circuit

SDMMC interface pull up/down and matching design recommendations are shown as below
table 2-10.
Table 2-10 RK1808 SDMMC interface design

Internal Pull Connection Method
Signal ) Description(chip side)
up/down (SD3.0 high speed mode)

in series with 22ohm resistor
SDMMC_DQ[3:0] | pull up SD data send/receive
Can delete if the line is short

SDMMC_CLK pull down in series with 22ohm resistor | SD clock send

in series with 22ohm resistor )
SDMMC_CMD pull up SD command send/receive
Can delete if the line is short

2.3.2 USB circuit
® 2.3.2.1 USB20 circuit

RK1808 has two sets of USB 2.0 interface, one is USB 2.0 HOST, and the other is USB2.0
OTG which is the only one that can be used to download firmware.
RK1808 USB 2.0 module circuit is shown in Figure 2-26.
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U1000E
USB_OTG_DP 2?2 gg ;;OTG_DP
USB_OTG_DM 275 OTG_DM
USB_OTG_ID Fzo—
_O1C_ID marg USB OTG VBUS 1 2
USB_OTG_VBUS SRR A OVCCIO_3V3
USB_HOST_DP ﬁ,\N,l; USB_HOST_DP
USB_HOST_DM USB_HOST_DM
USB_AvDD_ovs [FAEM 1 2 OVDDA_0V8
_AVDD_ R1400MR 5% R0402 _
AC11 1 2
USB_AVDD_1V8 MY 57 Roags——OVCCA_1VE
USB_AVDD_3V3 AE9 OVCCIO_3V3
RK1808

C1400
100nF
X5R
16V
c020%"

C1401
100nF
X5R
16V
c020%"

C1402
100nF
X5R
16V
C0201

Figure 2-26 RK1808 USB 2.0 module circuit

2.3.2.2 USB3.0 circuit

RK1808 has built-in a USB3.0 signal that reuses the pin with PCIE V2.1 signal (see
chapter 2.3.9 for details); USB30 signal can be combined with USB20 OTG to form a
standard USB30 OTG connector that can be used to download firmware (also it can be
programmed with a separate USB20 OTG micro connector for downloading).
® USB20 OTG interface is the system firmware downloading port by default. During

debugging process, USB30 (USB30+USB20 OTG) interface or USB20 OTG interface
must be reserved.

1

USB3.0

VCC5V0_OTG
- o)
= 1
g VBUS I OTGDM C2502 _ 1 casos
) -3 OTGDP 22uF 100nF
r‘r«% 4 ED2501Y, CO805 ——x5R
el o ESDSATHR X5R ol 18V
e ESD0402] 10V C0402
7 ESD2503
5 SN L W W | E£sDs302F o
4 |9 SOT_23 =
i TX+ = —
z =
R25001 22R5% 2 R02Q1 R
J2500 o b 1 5 FBa401 ¢ >>OTG_DM
=| usBao_A \AAAST0R-100M
usb30_af_smt_thf 3 Avvvro 4 LOB03D
= s Sgggr 2RI 2 DN ¢ >>oTG DP
= ESD2504
SSRXN N ourt 10 SSRXN R25031 QR 5% 2 R0201 5> USB3_SSRXN
SSRXP 2w ouml2 SSRXP_R25021 AR, 5% 2 R0201 5> USB3 SSRXP
I|}73 GND  GnND |2 ||'
SSTXN 4 7 SSTAN C2501 1 2 100nF C0201 XS5R 16V
= IN3 ouUT3 = { USB3 SSTXN
v
SSTX 5 s oura | ® SSTXP C2500 1 2_1000F CO201 XSR16V (¢ oo corvo
T ESD5304D
SON10_2R50X1RO0X0R50
® @ 2503
1
(] -
8 3 VUSB [5—oToom VCC5V0_OTG
%“F“, 3 OTGDP
4 OIG D 1 2 OTGID L TP2500  For test otg id
o - D5 R2511 10R 6% R0402 Ot 07 function
8 O GND -
USB20_micrp TP2501
™ | uUsB20Micro5_MUO5_10MGF_T 1 pg 2 I OTP_D.?
|

ED2502 ESDS5471X ESD0402

Figure 2-27 RK1808 USB3.0 circuit
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® 2.3.2.3 USB other signal description

® USB_ID internally has a 200k pull up resistance which pull up to USB_AVDD_1V8, so
OTG is used as Device mode by default;

® OTG_DET (USB_DET) is used to detect USB insertion. If a high level is detected, it
means there is USB inserted;

VCC5V0_OTG
N
R2505
10K
5%
R0402

>> OTG_DET_H

R2507 C2504

18K —=—100nF
5% o X8R
~| Ro402 [ 16v
0402

Figure 2-28 RK1808 USB insertion detection

® USB controller config reference resistor R1403 tolerance should be within 1% because
the resistor will affect USB amplitude and eye diagram.

| AN9 1 2 |
PCIE_RBIAS | R1403  “5R”0.5% R04qb
Figure 2-29 RK1808 USB/PCIE controller reference resistor

® In order to avoid surging shock to the chip, 1.0V/1.8V power of the controller need to
in series with 1ohm resistor.

AE11 1 2
USB_AVDD_0V3 Y RIIEM Y EoRaaes—C VODA_0V8
AC11 1 2
USB_AVDD_1V8 1 R140MR 5% Rodoz — OVCCA-1V8
USB_AVDD_3v3 A2 —o OVCCIO_3V3
_| c1400| c1401| c1402
100nF | 100nF | 100nF
X5R ——X5R ——X5R
16V 16V 16V
N co207| co209'| co201

Figure 2-30 RK1808 USB controller power surge protection

® Please put controller power decoupling capacitors close to the pins to ensure USB
performance.

® Consider to reserve a common mode choke in the signal line in order to restrain
electromagnetic radiation. Choose to use the resistors or the common mode chokes
according to the actual situation during debugging.
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R25001 2.2R5% 2 R0O402 OTG DM J
OTG_DWL . OTG DP J
1. 2 FB2500
500 \SAAAS " GOR-T00M
uF 3 vV~ 4 L0402D | iy
1603 |
Voo R25021 22R5% 2 R0402 U2500
R OTC DK 3 - | ESD5302Fﬁ
l SNT 22

Figure 2-31 RK1808 USB reserved common mode choke

USB 2.0 interface pull up/down and matching design recommendations are shown as
table 2-11.
Table 2-11 RK1808 USB2.0 OTG interface design

Signal Connection Method Description
USB_OTG_DP/DM in Series with 2.2R resistor | USB OTG input/output
direct connection (internal | USB OTG ID identification, need to
USB_OTG_ID
with 1.8V pull up) use when using Micro-B interface
USB_OTG_VBUS USB OTG insert detection
USB PHY config reference resistor, 2K
USB_RBIAS

ground connection(reused with PCIE)

2.3.3 Audio circuit

RK1808 provides 2 sets of standard 12S interfaces. They all support master and slave mode,
max sampling rate up to 192kHz and the bit rate from 16bits to 32bits. Supports three 12S
modes: normal, left-justified, right-justified; supports configurable 4 mode;early,latel,late2,
Late3;12S or PCM mode.

® 2.3.3.112S0

1250 of RK1808 supports 12S, PCM, TDM 12S, TDM PCM functions

As shown in the figure, I2S0 interface includes independent 8 channels output and 8
channels input. To meet with the asynchronous sampling rate requirement of playback
and recording, bit clock and frame clock also provide 2 sets (SCLKTX\LRCKTX,
SCLKRX\LRCKRX) correspondingly. Need to notice that, in the case when SDOx and SDIx
only refer to one set of bit/frame clock, prefer to use SCLKTX\LRCKTX as their common
clock.

Need to notice that, the set of I12S interface belongs to VCCI04 power domain, The
power supply is set to 1.8V by default. If I2S peripheral IO voltage is 3.3V, need to adjust
the powers supply and note to match the voltage with relative IO in the same power
domain.
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U1000K

12S0_SDI3/PDM_SDI3/GPIO3_A5_d
12S0_SDI2/PDM_SDI2/GPIO3_A6_d
12S0_SDI1/PDM_SDI/GPIO3_A7_d

12S0_SCLK_RX/PDM_CLKO/GPIO3_B0_d
1250_LRCK_RX/PDM_CLK1/GPIO3_B1
1250_SDO3/ISP_FLASHTRIGIN/LCDC_HSYNC_M1/GPI03_B2
1280_SD02/12C2_SCL_MO0/LCDC_VSYNC_M1/GPIO3_B3
1250_SDO1/12C2_SDA_MO0/GPIO3_B4_d
12S0_MCLK/ISP_SHUTTEREN/GPIO3_B5
12S0_LRCK_TX/ISP_FLASHTRIGOUT/GPIO3_B6
12S0_SCLK_TX/ISP_PRELIGHTTRIG/GPIO3_B7

12S0_SDO0/ISP_SHUTTERTRIG/GPIO3_CO_d
1250_SDIO/PDM_SDIO/GPIO3_C1. d

d

d

d

d
d

d

Rev 1.0
CVP:\S; <<1250_SDI3/PDM_SDI3
e <<1250_SDI2/PDM_SDI2
12S0_SDI1/PDM_SDI1
Y38 1280 SCLK_RX/PDM_CLKO
AB38 1250_LRCK_RX/PDM_CLK1
AC33 12S0_SDO3
AG31 12S0_SDO2
AC35 12S0_SDO1
AC39 12S0_MCLK
ﬁggg 1280 LRCK_TX
12S0_SCLK_TX
AC37
pey 2I28078D00

VCCIO4

RK1808

AA29

|3

12S0_SDI0/PDM_SDI0

VCCA_1V8
C1800
| 100nF

X5R
16V
C0201

Figure 2-32 RK1808 1250 module circuit

12S0 interface pull up/down and the matching design recommendations are shown as table

2-12.
Table 2-12 RK1808 12S0 interface design
Internal Pull Connection
Signal Description(chip side)
up/down Method
in series with
1250_8CH_MCLK pull down 1250 system clock output
22ohm resistor
in series with I2S0 bit clock(TX, associated with
1250 _8CH_SCLKTX pull down
220hm resistor SDOx)
1250 frame clock, used for audio
in series with
I1250_8CH_LRCKTX pull down channel selection(TX, associated
22ohm resistor
with SDOX)
in series with
1250 _8CH_SDOO0 pull down 1250 data output channel 0
220hm resistor
in series with
1250_8CH_SDO1 pull down 1250 data output channel 1
22ohm resistor
in series with
12S0_8CH_SDO2 pull down [2S0 data output channel 2
220hm resistor
in series with
1250_8CH_SDO3 pull down 1250 data output channel 3
22o0hm resistor
in series with 1250 bit clock(RX, associated with
12S0_8CH_SCLKRX pull down
220hm resistor SDIx)
I12S0 frame clock, used for audio
in series with
12S50_8CH_LRCKRX pull down _ channel selection(RX, associated
22o0hm resistor
with SDIx)
1250 _8CH_SDIO pull down in series with 1250 data input channel 0
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22o0hm resistor

1250_8CH_SDI1

pull down

in series with

22ohm resistor

I12S0 data input channel 1

1250_8CH_SDI2

pull down

in series with

22o0hm resistor

I12S0 data input channel 2

1250_8CH_SDI3

pull down

in series with

22ohm resistor

I12S0 data input channel 3

® 2.3.3.21281

I12S1 supports 2 channels input and 2 channels output.

U1001L
U39
1281_LRCK/GPIO3_A0_d [—7=2 12S1_LRCK
1281_SCLK/PWMS/GPIO3_A1_d [{j35 1281_SCLK
1281_MCLK/PWM7/GPIO3_A2_d 37 [281_MCLK
12S1_SDO/UART2_TX_M2/GPI0O3_A3 d 1281_SDO
W39
1281 _SDI/JUART2_RX_M2/GPIO3 A4 d << 1281_sDI
W29
vCcCIo3 1 cis01 OVCCA_1v8
100nF
RK1808 ——X5R
16V
| coz01

Figure 2-33 RK1808 [251 module circuit

1251 interface pull up/down and the matching design recommendations are shown as

table 2-13.
Table 2-13 RK1808 [2S1 interface design
_ Internal Pull Connection o o
Signal Description(chip side)
up/down Method
in series with
1251_MCLK pull down [2S1 system clock output
22o0hm resistor
in series with
12S1_SCLK pull down 1251 bit clock
22o0hm resistor
in series with 1251 frame clock, used for audio
12S1_LRCK_TXRX pull down
22ohm resistor channel to select clock
in series with
1251_SDO pull down 1251 data output channel
22o0hm resistor
in series with
1251_SDI pull down 1251 data input channel

22ohm resistor

® 2.3.3.3 VAD(Voice Activity Detection)

RK1808 supports VAD function and voice wakeup.
Supports reading audio data from I2S/PDM, supports audio amplitude detection,
supports multi-MIC array data storage, and supports level combination interrupt.
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® 2.3.3.4PDM

RK1808 provides a group of PDM digital audio interfaces, supports up to 8 channels of
PDM format audio input, max sampling rate up to 192KHz, bit rate ranges from 16bits to
32bits.

When use PDM MIC to capture audio, to simplify the software processing on audio
recording data, also suggest to use PDM interface for loop back. Therefore in the normal
cases with 2-6 PDM MIC audio recording and 1-2 loop back channels, just one whole 4-8
channel audio recording is enough to complete input, no need for software to do the
additional splicing processing.

PDM pin reused with I12S0, as shown below:

12S0_SDI3/PDM_SDI3/GPIO3_A5_d %351 S 12S0_SDI3/PDM_SDI3

12S0_SDI2/PDM_SDI2/GPIO3_A6_d [~AG2g S 12S0_SDI2/PDM_SDI2

12S0_SDI1/PDM_SDI1/GPIO3_A7 d <L 1280_SDI1/PDM_SDH
12S0_SCLK_RX/PDM_CLKO0/GPIO3_B0_d IY\g%B ;2'230,SCLK7RX/PD|\ILCLKO
1280 LRCK RX/PDM CLK1/GPIO3 B1 d Fa~== [2S0_LRCK_RX/PDM_CLK1

Figure 2-34 PDM interface of RK1808 [250 module

® 2335 TDM

RK1808 provides a group of TDM digital audio interfaces supporting master or slave
mode, up to 8 TDM format audio outputs and 8 TDM format audio inputs, max sampling
rate up to 192kHz, bit rate from 16bits to 32bits; TDM signals and 12S0 signal pins reuse
compatible.

® 2.3.3.6 Codec

RK809-2 comes with Codec and supports I12S and PCM interfaces. I12S/PCM audio digital
interface is used to input or output data from a stereo DAC; I12S/PCM can be configured in
master or slave mode, in master mode, BCLK and LRCLK are configured as outputs, MCLK
is fixed as an input; in slave mode, BCLK and LRCLK are configured as inputs and MCLK is
configured as an input too. RK1808 uses I251 interface to communicate with RK809-2 by
default, RK1808 as a master device, and RK809-2 as a slave device.

VCC5V0_SYS U2100D
? 33 VCC_SPK_HP a9
C2134 c2132 HPL_OUT P HPL
| 10uF 2.2uF CPN 36 | o\
X5R X5R 40 HP_SNS
o 1ov 10V HP_SNs < HP_
COBOZ, o402 CPP_ 37 | .o
= 41
VCC_CPVDD HPR_OUT [F———————)HPR
gllc21351 || 2 1uF Q 38
||| C0402 | [6.3VX5R VCC_CPVDD
VCC_CPVSS
glc2136 1 || 2 2.2uF Q 35 34
||l00402 | Fov=¢R VCC_CPVSS SPKN_OUT [—=—— -
VCC_1P8D > X
qllc21371 || 2 1uF Q 48
||| C0402 | [6.3VX5R vcc_1peD 32 | D> SPKP_OUT
VCC_1P8A SPKP_OUT
gll_c21381 || 2 1uF Q 44 -
'|| C0402 | [6.3VX5R VCC_1P8A
1251 MCLK 2 R2 1_R0402 5%16
= R2I OR 2 MCLK o
1251 SCLK 2 R2J29. 1 R0402 5%15 = 43 C21402 || 1_100nF ,
OR BOLK % micte Coa0z | [ XBR 16v << MICTIN
1281 _LRCK 9 &
2 R2I31_1 ggaoz 5%14 || oo :
1281 SDO %1 !
_ 2 R2132. 1 (?3402 5%17 | o1, 9
1281 SDI 2 R2 1 R0402 5%18 42 i c21422 || 1 100nF MIC2 IN
RN R SDO/PDMDATA MIC1N G040z | [ X8R 16V 4 .
19 c2144| C2145
PDMCLK “| 27pF | 27pF
——CoG CcoG
RK809-2 50V 50V

€040 C0402

.|| B
.||M2

Figure 2-35 RK809-2 Codec circuit
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The HP_SNS output from Codec is used as an internal reference for Offset. It needs to

be connected with GND at the headphone connector to reduce voltage difference with
headphone GND, and they should be routed concomitantly in the middle of HPR/HPL, so
as to avoid interference from other signals. If Codec's GND and headphone’s GND are on

the same whole GND layer and devices layout are close, they can be connected directly to
GND layer.

VCCA_1v8
_| croo1
10nF [
C0402 1 2 1]L2 I,
o ¥R R7001 co00 | [Tur xersaveoaoz I CTIA
25V 100R
ADC3_HP_HOOK  {(. ‘ L Z 5% L c SHMICZ_IN
ki R7020 10K %% R04q2 R0402 RT000 1K~ 5% R0402 MiC2_
1
veeio_3vao R7004*100K 5% R0402 47000
2
PHONE_DET _H {¢- ; - g 5 TV
HPR
‘ . _| crooz 2y ra08 0K “Kod0z 5% 63TV
ET_ A, Aok HEA 100nF a’
——C0402 1 2 153N
HPLY 7 7
X5R R7008 OW 0402 59 7 z i
N 1ev HP_SNS (™ 1
1 N N i R A PI-3536
= 5% = PJ7_PJ3536
R0402
£07000 W, ED7001 W, ED7002 ED7003
ESD5457 ESD5455 ESD5451N ESD5451N
ESD0402| ESD0402| ESD0402 E£5D0402
o~ ™~ o™ o™~

Figure 2-36 RK1808 Headphone circuit

Codec builds in a Mono filterless speaker driving circuit which can provide 1.3W@8ohm
drive strength for low power and single audio channel application case to save the cost of
additional external amplifier. If Codec built-in Mono speaker drive circuit cannot meet the
requirements of the drive capability, a separate analog/digital amplifier can be added.

SPKN_OUT D) .
C7004
| e80pF
——C0G
50V
[ cos02 1
-I| > 1
| c7o0e 2
680pF J7001
——C0G CON2M_1X2
_| sov CON2M_1X:2
SPKP_OUT ) +—C0402

Figure 2-37 RK1808 Speaker circuit
® 2.3.3.7MIC

MIC circuit is shown as figure 2-38. Please select appropriate bias resistor R7007
according to the electret microphone specification.
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R7006
100R
veeio_avs o—1 IR 2
(]
C7003
WwF 7 -
C0402 == R7007
X5R 22K MIC7000
sav R0402 MIC-4020
= o 5% MIC2_4020
MICT_IN L

C7005

220pF © ED7004
C0402 —— ESD5451N
coG ESD0402
50V DNP

o~

Figure 2-38 RK1808 MIC circuit

2.3.4 RGMII/LCDC/CIF(BT1120) circuit

RK1808 chip built-in a RGMII/CIF/LCDC controller. These three functions are pin-reused and
only one function can be used at the same time. The schematic is shown in Figure 2-39 below:

U1000!1
AW25
CIF_D12/RGMII_CRS/LCDC_DB/GPIO2_A0_d ["AR19 GPIO2_AO/CIF_D12/RGMII_CRS/LCDC_D6
CIF_D13/RGMIl_TXEN/LCDC_D7/GPIO2_A1_d [ALq GPIO2_A1/CIF_D13/RGMII_TXEN/LCDC_D7
CIF_D14/RGMII_TXD1/LCDC_DO/GPIO2_AZ_d [~4 157 GPIO2_A2/CIF_D14/RGMII_TXD1/LCDC_DO
CIF_D15/RGMII_TXDO/LCDC_D1/GPIO2_A3_d [~aN57 GPI02_A3/CIF_D15/RGMII_TXDO/LCDC_D1
CIF_D2/RGMII_RXDO/SPI2_MISO_M1/GPIO2 A4 d [ar57 GPIO2_A4/CIF_D2/RGMII_RXDO/SPI2_MISO_M1
CIF_D3/RGMII_RXD1/SPI2_CLK_M1/GPIO2_A5 d [~avag GPIO2_AS5/CIF_D3/RGMII_RXD1/SPI2_CLK_M1
CIF_D4/RGMII_RXER/SPI2_MOSI_M1/GPIO2_A6_d [~a(j25 GPIO2_A8/CIF_D4/RGMII_RXER/SPI2_MOSI_M1
CIF_D5/RGMII_RXDV/SPI2_CSN_M1/GPIO2_A7_d GPI02_A7/CIF_DS/RGMII_RXDV/SPI2_CSN_M1
CIF_D6/RGMII_MDIO/GPIO2_B0_d ngg GPI02_BO/CIF_D6/RGMII_MDIO
CIF_D7/RGMII_COL/GPIO2_B1_d &3] GPIO2_B1/CIF_D7/RGMII_COL
CIF_D8/RGMII_MDC/LCDC_HSYNC_MO0/GPI02 B2 d [ayg GPIO2_B2/CIF_D8/RGMII_MDC/LCDC_HSYNC
CIF_D3/RGMII_TXD3/LCDC_VSYNC_MO/GPIO2 B3 d [avss o0 GPI02_B3/CIF_DY/RGMII_TXD3/LCDC_VSYNC
CIF_VSYNC/RGMII_TXD2/GPIO2 B4_d [Hayas—¢0 GPI02_B4/CIF_VSYNC/RGMII_TXD2
CIF_HREF/RGMII_RXD2/GPIO2_B5_d [A(j31 GPIO2_BS5/CIF_HREF/RGMII_RXD2
CIF_CLKIN/RGMII_RXD3/GPI02_B6_d ars7 GPIO2_B6/CIF_CLKIN/RGMII_RXD3
CIF_CLKOUT/RGMII_CLK/GPIO2_B7_d GPIO2_B7/CIF_CLKOUT/RGMII_CLK
CIF_DO/CLKOUT_ETHERNET/GPI02_C0_d [Anas GPIO2 CO/CIF DO/CLKOUT ETHERNET
CIF_ D1/RGMII |_TXCLK/GPIO2_C1_d ~AN2S GPIO2_C1/CIF_D1/RGMII_TXCLK
CIF_D10/RGMII_RXCLK/LCDC_D2/GPI02_C2_d [~A[23 GP102_C2/CIF_D10/RGMII_RXCLK/LCDC_D2
CIF_D11/LCDC_D3/GPIO2_C3_d [~AT55 GPIO2_C3/CIF_D11/LCDC_D3
LCDC_D4/GPIO2_C4 d [~AWas GPIO2_C4/LCDC_D4
LCDC_DS5/GPIO2_C5_d [FAwa3 GPIO2_C5/LCDC_D5
LCDC_CLKI/GPIO2_C6_d [~ay34 GPIO2_C6/LCDC_CLK
LCDC_DEN/GPIO2_C7_d GPIO2_C7/LCDC_DEN
2C3_SCL/IUART2_TX_M1/GPIO2_D0_u |-y ;gsmoz D0/12C3_SCL/UART2_TX_M1
12C3_SDAJUART2_RX_M1/GPIO2_D1_u [——————  »>GPI02_D1/12C3_SDA/UARTZ_RX_M1
vcelo2 VCCA_1V8

RK1808

OVCCIO_3V3

0 M R0603 |

3.3V for lcdc

X5R
16V
C0201

Figure 2-39 RK1808 RGMII/CIF/LCDC interface

® 2.3.4.1 Ethernet Circuit

RK1808 integrates a Gigabit Ethernet MAC, which can be connected to different
Ethernet PHYs to achieve 100M/Gigabit network functions. Please refer to design
documents of PHY vendor for detailed design and this guide will not introduce too much.
The 25M working clock of PHY uses an external crystal, and RGMII_CLK (125M) of RK1808
is output from CLKOUT pin of PHY, as shown in Figure 2-40.
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Y6500
PHY_XTALOUT 1 4
- X1 GND [—|I
2 3 PHY_XTALIN
GND X2 +— =
C6501 25MHz C6502
| 12pF CRY4_3R20X2R50X0R80 | 12pF
—C0G ——C0G
| 50V | 50V
| co402 | co402
100R 5% PHY_CLKOUT125
02 3.3Vpp
AR C— PHY

Figure 2-40 RK1808 PHY clock circuit

RK1808 supports 10/100/1000M Ethernet controller, 1000M GMAC design and its notes

are as follows:

Internal Pull Connection o o
Signal Description(chip side)
up/down Method
in series with
RGMII_TXCLK pull down Reference clock for data sending
22o0hm resistor
in series with
RGMII_RXCLK pull down Reference clock for data reception
22o0hm resistor
in series with
RGMII_TXDI[3:0] | pull down Data send
22o0hm resistor
in series with
RGMII_RXD[3:0] | pull down Data receive
22o0hm resistor
in series with
RGMII_TXEN pull down Send data enable
22ohm resistor
in series with
RGMII_RXDV pull down Receive data valid indication
22ohm resistor
in series with
RGMII_MDC pull down Configure interface clock
22o0hm resistor
in series with
RGMII_MDIO pull down Configure interface I/0O
22ohm resistor
in  series  with _
RGMII_CLK pull down MAC master clock output or input
22o0hm resistor
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Power: RK1808 GMAC only needs one power supply VCCIOZ2, which can be
configured to 1.8V or 3.3V. According to Ethernet PHY 10 supply voltage
configuration, it needs to be consistent with GMAC 10 voltage level.

On RK1808 RGMII interface transceiver signal line, TX_CLK and RX_CLK are
125MHz, TXD and RXD signal lines are sampled on both sides of clock to achieve
1000Mb transmission rate, data enable signal (RGMII_TXEN, RGMII_RXDV) must
be enabled before data sending valid.

Reset: RGMII resets PHY with GPIO. It can also use RC hardware reset circuit.

Note that if RC hardware reset circuit is used, PHY power must be controllable.
LU SUAVORTUU DI U .|‘5LU15. . N FA T I e e L L

UARTD_TR GF'ICID_EEE_d VG u EF'HY_FEST_BWBID
Figure 2-41 RK1808 RGMII Reset Circuit for PHY

The control and status information between MAC layer and PHY are MDIO
interface, clock MDC signal and data MDIO signal. It should be noticed that MDIO
signal needs to be pulled up, as shown below:

GMAC MDIO  RE524 2 1 15K 5%
RO402

Figure 2-42 RK1808 RGMII MDIO signal

WCCIO_PHY

10/100M work and connection are similar to 1000M, the only different is
RGMII_CLK=50M; note that 10/100M PHY_CRS_DV is connected to MAC_RXDV
instead of MAC_CRS pin.

ESD protection

In order to meet the requirements of ESD protection and surge protection, it is
recommended to design a protection circuit on RGMII PHY circuit during design. In order
to avoid protection devices from affecting PHY routing signal and achieving good
protection, it is recommended to adopt the following rules when designing PCB.

A: Protection devices are recommended to be placed inside transformer, between
transformer and PHY, close to transformer.

B: Protection devices are recommended to use TVS transistor, the breakdown
voltage is 8kV, and the response time is less than 1ns.

® 2.3.4.2 LCDCinterface introduction

RK1808 supports 18bit RGB output, supports 18-bit (RGB666), 16-bit (RGB565),
resolution is 1280X800; supports MCU interface, needs to configure the corresponding
output mode by software. Pin assignments are shown in Figure 2-43:

When using RGB666 18bit screen, only need to connect LCDC_DO0-D17 data signal,
the corresponding relationship is as follows:
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Correspondence between LCDC DATA and RGB
LCDC_DO B2 LCDC_D9 G5 |
LCDC_D1 B3 LCDC_D10 Gé
LCDC D2 B4 LCDC_DI11 G7
LC DCZDB BS LCDC_D12 R2
LCDC_D4 B6 LCDC_D13 R3
LCDC_D5 B7 LCDC_D14 R4
LCDC_De G2 LCDC_D15 R5
LCDC_D7 G3 LCDC_D16 R6
LCDC_D8 G4 LCDC_D17 R7

Figure 2-43 RK1808 18bit connection method

B Following is LCD screen connection schematic:

50 |
49 |
48
TP5501
TP55028 DITH jz
VCOMO 25
TP550 LCD_RST 44|
43
AVDD_LCD O =
TP5504 - o)
15600 UPDN 40
F9900 SHLR 39
TP5506 1 38
K
1Ps5070 GP102_c6/L.cDC ¢ ;el
g 35
1 34
GPIO3_C6/ILCDC_D12/UART7_TX 33
TP5508 PI03_C7/LCDC_D13/UART7 _RX/SPI1_CLK 2 |
TP5509 GPI03_DO/LCDC_D14/PWMB/SPI1_MOSI M1 31
TP5510 GPIO3_D1/LCDC_D15/PWMO/SPI1_CSNO_M1 30
TPS511 GPIO3_D2/LCDC_D16/PWM10/SPIT_MISO_M129
TP5512 GPI03_D3/LCDC_D17/PWM11/SPIT_CSN1_M®8
TP5513 >7
- 26
GPI02_AO/CIF_D12/RGMIT_CRS/LCDC D6 25
TPS514 GPIO2_A1/CIF_D13/RGMIl_TXENLCDC D7 24
TP55154 X —GP103_C2/LCDC_DB8/UARTS TX/12C4_SCL 2
TPS5164 2 —GP103 C3/LCDC_DI/UART5 RX/N12C4_SDA 23
TPS517 GPIO3_C4/LCDC_D10/UART6_TX 2
TPS518L 2 —Gp103_C5/LCDC_D11/UARTE_RX 20
TP5519 = o
- 8
S— GPI02_A2/CIF_D14/RGMIT_TXD1LCDC_D0__17
Lo GPI02 A3/CIF_D15/RGMIT_TXDOILCDC D116
i GPI02_C2/CIF_D10/RGMII_RXCLK/LCDC_DZ 15
GPIO2_C3/CIF_D11/LCDC_D3 y
%522%3 GPIO2 C4/LCDC D4
Ly GPI02_C5ILCDC D5 2
iz GPI02_B2/CIF_D8/RGMIT_MDC/LCDC_HSYNCI
GPI02 BA/CIF_DI/RGMI_TXD3LCDC_VSYNGIO
xgg% GPIOZ C7/LCDC_DEN 9
LCD_MODE 8
TP5529 =
TP5530
VCCaV3 LD o— I 6
VGBS il 4
_LED-O. 2
TP5531Q—T L 5
1

VCC_LED*O-
TP5532 O—I L

Figure 2-44 LCD connection circuit

GNDS6 [

B7

HSD
VSD

DE
MODE
DVDD
VCOM1
GND1
VLED-2
VLED-1
VLED+2
VLED+1

1 GND5

B When using MCU screen, the relationship between LCDC's RGB and MCU
interfaces is as follows:
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Table 2-14 LCDC 10 features description list

Interface Pin Name Direction Description
LCDC_DCLK o !_CDC RGB intgrface display clock out, MCU i80
interface RS signal
LcDC LCDC_VSYNC o !_CDC RGB interlface vertical sync pulse, MCU i80
interface CSN signal
LDCD_HSYNC o !_CD.C RGB interfacel horizontal sync pulse, MCU
i80 interface WEN signal
Interface Pin Name Direction Description
LCDC_DEN o !_CDC RGB interface data enable, MCU i80
interface REN signal
LCDC_Di (i=0~17) 0 LCDC data output/input

® 2.3.4.3 CIF(BT1120) interface introduction

RK1808 integrates a CIF interface, supports 8-bit input of BT601 YCbCr and BT656 YCbCr
422; supports UYVY/VYUY/YUYV/YVYU configuration, supports RAM 8/10/12 bit input;
supports BT1120 16bit, single and double edge sampling .

CIF corresponds to different bits of DVP IO interfaces as follows:

Table 2-15 CIF interfaces corresponding DVP interfaces list

RK1808 ISP 8bit ISP 10bit ISP 12bit BT1120
Pin Name CIF 8bit CIF 10bit CIF 12bit
CIE_DO CIF_DO CIF_DO CIF DO
CIF D1 CIF D1 CIF D1 CIF D1
CIF D2 CIF_D2 CIF D2 CIF D2 CIF D2
CIF D3 CIF D3 CIF D3 CIF D3 CIF D3
CIF D4 CIF D4 CIF D4 CIF D4 CIF D4
CIF Do CIF Do CIF Do CIF Do CIF Do
CIF_D6 CIF D6 CIF_D6 CIF_D6 CIF D6
CIF D7 CIF D7 CIF D7 CIF D7 CIF D7
CIE_DS8 CIF D8 CIF D8 CIF D8 CIF DS
CIF_D9 CIF D9 CIF D9 CIF_D9 CIF D9
CIF D10 CIF D10 CIF D10
CIF D11 CIF D11 CIF D11
CIF D12 CIF D12
CIF D13 CIF D13
CIF D14 CIF D14
CIF D15 CIF D15
CIF _HREF CIF_HREF CIF _HREF CIF _HREF CIF_HREF
CIF VSYNC CIF VSYNC CIF VSYNC CIF VSYNC CIF VSYNC
CIF _CLKIN CIF_CLKIN CIF_CLKIN CIF_CLKIN CIF_CLKIN
CIF_CLKOUT CIF_CLKOUT CIF _CLKOUT CIF _CLKOUT

Pin assignments are shown above in Figure 2-39.

CIF camera and BT1120 interface circuits are as follows:
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CIF CAM

uaroo 7
CIF_D11 : ; o -
12C3 SDA_CIFCAM '||[ 3 JQSKJD Z
[=]
12c3_SCL_CIFcAM YCC2VB_DVPO = Avop
MIPI_CSI_ PWDNICIF_RST &1 SCL
CIF_VSYNC 7 RESET
PWDN 5 VSYNC
PWDN
CIF_HREF g PO
VDD1V5_DVP O 9 ovoo
CIF D8 VCC1VE_DVP O - bovoo
CIF_CLKOUT R4700__22R1 7 R0402 5% 13 | 29
CIF_D8 | XCLK
[ 5| D8
CIF_D7 | = DGNDO
CIF_CLKIN 71 D7
CIF_D6 5 FCLK
CIF_D2 5| D8
CIF_D5 20 D2
CIF_D3 57 D5
CIF D4 55| D3
CIF_D1 23 | D4
CIF_DO 5 D1
CIF_D10 55 DO
55 D10
57 DGND1
55| DGND2
55 DGND3
25| DGND4 &
DGND5
[=]
FPC30-05 ™

o~
U4701 hid

GND_9

GND_10

PR

F il

nnection circuit

Figure 2-45 CIF/BT1120 co

2.3.5 Camera circuit

® 2.3.5.1 USB CAMERA

30PIN FPC CON
™

H

.

-

.

.

.

.

-

.

-

H CIF_CLKIN GND_0
: §2 CIF_CLKIN
: o nrer | 27| SND_T
: CIF_VSYNC “ gg SFVS
. CIF_DO ' 24 | GND_2
M CIF D1 73 | CIF_DO
. O3 55| CIF_D1
. CIF_D3 37 | CIF_D2
. 50| CIF_D3
: CIF_D4 "\}719 GND_3
. CIF_D5 18 | CIF_D4
. CIF_D6 7 | CIF_D5
. CF o7 5 CIF_D8
: m £ CIF_D7
H CIF_D8 [ 4 8:;06‘;
: CIF_D9 3 |

. CIF_D10 7 | CIF_D9
: CIF_D11 1| CIF_D10
: — Gnes
. CIF_D12 | g _

M CIF D13 CIF_D12
. T T CIF_D13
. CIF_D14
. CIF_D15 |

: T &1 CF D15
: GPIO2 D1/12C3_SDA/UART2 ﬁh M1 4 gnggA
: GPIO2_DON2C3_SCLIUARTZ_TX_M1 12c_Son
.

.

.

-

.

-

-

.

-

.

.

Please refer to USB circuit in chapter 2.3.2 For USB CAMERA design, USB CAMERA is
using standard USB protocol, and we will not introduce more here.

® 2.3.5.2 MIPICSI

RK1808 integrates a set of MIPI-CSI input interface, SPEC V1.0 version, supporting

4lane, max speed of each Lane reaches 2G bps, built-in ISP processor.

J4600
AXT530124
CON30M_2x15 OR40 V_SMT
| 1 30 MIP1_CSI_CLKN
'||| MIPT CSI DOP 2 | GND_1 RCN g MIPI_CSI_CLKP
MIP1_CSI_DON 3 | RDPO RCP 23 I
4 | RDNO ~ GND_28 57 wercs o
MIP| CS| D2P 5 | GND_4 RDP1 3¢ MIPI CSI DN
MIPT_CSI_DZN 6 | RDP2 RDN1 [5g5
={RDN2_ GND_25 (55
MIP|_CSI_D3P g | GND_MOVDD1.8V 753 OVCC1ve_DvP
MIP1 CS| D3N g | RDP3  GND_23 57 b
70 | RDN3  DVDD1.5V 53 grioz Dimecs SRR PRX M1
MIPI_MCLK 11 | GND_10  SIO_D 35 GPIO2 DOM2C3 SCL/UART2 TX M1
MIF]_RST 12 | MCLK SI0_C 9g
13| RESET  GND_19 [—5
MIPI PDN 14 GND_13 AF 17 OVCC2V8_AF
75| PWDN AVDD2.8V (5 OVCC2V8_DVP
GND_15 GND_16
o TP4612 TP 0.5
(Olﬂl(")ll"’) -
0OOo
=SS

Figure 2-46 RK1808 MIPI-CSI CAMERA circuit
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Note the following items when designing:
B Power of MIPI-CSI controller needs to be connected in series with 1 ohm resistor

to avoid damage to the chip caused by surge.
U10000

DPHY_TX_DOP Qgg MIPI_DSI_DOP
DPHY_TX_DON MIPI_DSI_DON
DPHY_TX_D1P ggg ; MIPI_DSI_D1P
DPHY_TX_D1N MIPI_DSI_D1N
DPHY_TX_D2P -39 MIPI_DSI_D2P
DPHY_TX_D2N MIPI_DSI_D2N
DPHY_TX_D3P ggg MIPI_DSI_D3P
DPHY_TX_D3N MIPI_DSI_D3N
DPHY_TX_CLKP (Eag’g MIPI_DSI_CLKP
DPHY_TX_CLKN MIPI_DSI_CLKN
DPHY_TX_AVDD_0V8 22 R17821 o 2R0402 VDDA_0V8
L31 _ 1 2
DPHY_TX_AVDD_1v8 TT702 _| C1703  Ri703 1K % Roaoz OVCCA_1v8
| 100nF 7| 100nF
X5R =—=X5R
RK1808 18v | 18V
C0201 C0201

(3]

Figure 2-47 RK1808 DPHY_RX circuit

B Please place controller power decoupling capacitors close to the pins to improve
MIPI-CSI performance.

® 2.3.5.3 CIF CAMERA

The circuit is shown in Figure 2-45

CIF interface power domain is VCCIO2 power supply. In actual product design, need to
select the corresponding power supply according to the product camera actual 10 power
supply requirement (1.8V or 2.8V) and keep I2C pull up voltage level same as it,
otherwise it will make camera working abnormally or can not work.

2.3.6 ADC circuit
RK1808 supports 4-channel SARADC with 10-bit resolution and sampling rate up to 1M/s.

RK1808 uses SARADC ADC_IN2 as keyboard input port and reuses it as RECOVERY mode
(no need to upgrade LOADER), as shown in the follow figure. When system already
downloaded image, pull down ADC2_KEY_IN to make ADC_IN2 keep 0V during system bootup,
and then RK1808 enters Rockusb downloading mode. When PC identifies USB device, release
the button to recover ADC_IN2 back to high voltage (1.8V), and then can start image
downloading.

RK1808 SARADC sampling range is 0-1.8V and the sampling precision is 10 bits. Button
array type is parallel and the input key value can be adjusted by increasing/decreasing button
and adjusting divider resistance ratio to accomplish multikey input to meet with customer
product requirements. Suggest any two button key values must be bigger than +/-35, that
means the central voltage difference must be bigger than 123mV.

Note: If RK1808 LOG needs to be turned off during standby, the power of ADC_AVDD must

also be turned off during standby. Otherwise, it will cause leakage and increase power
consumption during standby.
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U1000F
J I ADCO HW ID1
- U371
ADC_IN1 F\y33~  ADC2 KEY IN
ADC_IN2 [333
ADC_IN3 p—=—
N31
ADC_AVDD_1V8 o OVCCA_1V8
_ C1501
RK1808 | 100nF
X5R
16V
' co201

Figure 2-48 RK1808 SAR-ADC module

2.3.7 SDIO/UART/SWD JTAG circuit

RK1808 supports WIFI/BT module with SDIO 3.0 interface as shown in the figure 2-49.
When using WIFI/BT modules with SDIO and UART interfaces, please note that RK1808 SDIO
and UART controller power supply must keep same as the IO voltage level of the module.

U1000H
AJ39
SDMMCO_CMD/TEST_CLKO/GPIO4_A0_u A7i38 SDMMCO_CMD
SDMMCO_CLK/GPIO4_A1_d 539 SDMMCO_CLK
SDMMCO_DO/UART2_TX_MO/GPIO4 A2 U [FAE3z S SDMMCO_DO/UART2_TX
SDMMCO_D1/UART2_RX_MO/GPIO4_A3_u |-aF3s < SDMMCO_D1/UART2_RX
SDMMCO_D2/JTAG_TCK/GPIO4_A4_u |-AE33 $ SDMMCO_D2/JTAG_TCK
SDMMCO_D3/JTAG_TMS/GPIO4_A5_u < SDMMCO_D3/JTAG_TMS
AE31
VCCIO6 5 1600 OVCCIO_SD
100nF
RK1808 ——X5R
16V
o201

Figure 2-49 RK1808 SDIO/UART module circuit

® 2.3.7.1SDIO

SDIO interface pull up/down and the matching design recommendations are shown as
table 2-16.
Table 2-16 RK1808 SDIOO interface design

Internal Pull Description(chip
Signal Connection Method
up/down side)

in series with 22ohm resistor
SDIO data

SDIO_DQn[0:3] pull up can be connected directly when ) o
sending/receiving

the line is shorter.

SDIO_CLK pull down | in series with 22ohm resistor SDIO clock sending

SDIO_CMD pull down in series with 22ohm resistor SDIO command
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can be connected directly when | sending/receiving

the line is shorter.

® 2.3.7.2UART

UART2 interface pull up/down and the matching design recommendations are shown as
table 2-17
Table 2-17 RK1808 UART?2 interface design

. Internal Pull Connection o o
Signal Description(chip side)
up/down Method
UART2_RX pull up connected directly | UART2 data input
UART2_TX pull up connected directly | UART2 data output

2.3.8 Debug circuit
2.3.8.1 UART DEBUG instruction

RK1808 Debug UART2 is reused with SDMMC interface. You can connect external
conversion board to convert UART to USB for debugging.

J9100

TF-CKT01-009D
TF9_CKT01 009D
5 1 2 1
MCO .
Somvico 05 9 BT RO 7 oI 2o Trolol P07
SDMMCO_CMD} RO101__1 % 2_R0402 3 COMDATAS Teator T 07
R9102 oK 8%  R040Z VCCava 5D O N TPO10s TP 07
- ) 1 2 - ="
SDMMCO_CLK BE o RoIeE S e TP9104 TP_&?- --------------
1 2 7 1
SDMMCO DC TP9105 TP_0.7
SDMMC0 D1 3 o1l % 2_Ro402 8 1 oarar ] 8TP9106 P07
MC0 RO105__1 b 2 RO4 9 TPg107 TP_O#7 -
SDMMCO_DET L R9106 R o Ro4 =) O a
G1
= : Used for UART debug,
2
G3 lease place together
o O Troios TPl P P g
[ —
Epg1o6 <[ <[ <[ <| <] | — ESD5341N ESD0402 -
EDY105 ESD5341N ESD0402

ED9104 ESD5341N ESD0402
ED9103 ESD5341N ESD0402
EDY102 ESD5341N ESD0402
ED9101 ESD5341N ESD0402
epgtoo O L VL YL ™ ESD5471X ESD0402

Figure 2-50 RK1808 UART2 reuse relationship
Please select the PC port which connected with the development board, select 1.5M

baud rate and no need to select flow control RTS/CTS. If the built-in DB-9 port on PC does
not support high speed mode, take the method of USB conversion to serial port.
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Session Options - serial-com21 ot

Category:
=+ Connection Serial Options

- Logon Actions
comz1 Flow control

= Terminal Baud rate: soo000 w| | JDTRIDSR

- Emulation [ RTs/CTS

- Modes Data bits: & ) ]

- Emacs L] ¥oNXOFF
- Mapped Keys
- Advanced Stop bits: 1 .
[=)- Appearance

- BMSI Color
- Window Serial break length: | 100
- Log File

- Printing

- ¥ M fZmodem

Parity: Mone w

= | miliseconds

-

Cancel

Figure 2-51 RK1808 serial port configuration

2.3.8.2 JTAG DEBUG instruction

RK1808 SWD JTAG reused with SDMMC interface,when debugging, a standard 20PIN
JTAG socket can be externally connected and then connected to DSTREAN emulator for
debugging the internal A35 CPU.

JTAG interface pull up/down and the matching design recommendations are shown as
table 2-18

Table 2-18 RK1808 JTAG interface design

Internal Pull
Signal Connection Method Description(chip side)

up/down
JTAG_TCK pull up connected directly SWD JTAG clock input
JTAG_TMS pull up connected directly SWD JTAG mode selection input

2.3.9 PCIE circuit

RK1808 supports one PCI Express V2.1 interface, supports both RC and EP two operation
modes, and supports up to 2 lanes. Each lane supports 2.5G or 5G data transmission.

PCIE interface reused with USB3.0 interface, and only PCIE or USB3.0 can be used at the
same time.

PCIE module circuit is as follows:
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U1000M
AR1
PCIE_RXOP/USB3 SSRXP PCIE_RXOP/USB3_SSRXP
PCIE RXON/USB3_SSRXN [~ >§ PCIE_RXON/USB3_SSRXN
PCIE_RX1P :yf < PCIE_RX1P
PCIE_RX1N PCIE_RX1N
PCIE_TXOP/USB3_SSTXP |at5 PCIE_TXOP/USB3_SSTXP
PCIE_TXON/USB3 SSTXN PCIE_TXON/USB3_SSTXN
AR5
PCIE_TX1P [-ART gg PCIE_TX1P
PCIE TX1N PCIE_TXIN
AN5 )
PCIE REFCLKP PCIE_REFCLKP
PCIE REFGLKN |F-2NC §§ PCIE_REFCLKN
AN9 1 2 |
PCIE_RBIAS R1403 VR 0.5% RD402|||
AE15 1 2
PICE_VCCA_0V8 MY e roal——OVDDA_0V8
PICE VCCD 0V 25113? R1404R 5% RO4(2
PICE_VDDREF_0V3
PICE_vCCA 1ve AL R 5o Romgz———OVCCA1V8
RK1808
c1403 _[C1405 C1406 C1404
~| 100nF 100nF ~| 1uF ~| a7uF
——X5R ——=X5R ——=X5R ——X5R
16V 16V 6.3V 6.3V
N coz201 | coz201 | coao2 ' coao2

Figure 2-52 RK1808 PCIE/USB3.0 module circuit

RK1808 PCIE is used as EP interface circuit is as follows

9400
PCIE64_SMT
SEiiE PCIE64_4X_EDGE
: . PCIE_PRSNT1 PCIE_PRSNT2 1 PCI RSNT1
Ba| +12V.81 PRSNTI# [0 PCIE12V RET07 DRY: SN
B3 | +12V_B2 +12V_A2 4 OPCIE12V VCC_3v3
BE | 12V B3 Y12v:As [7R4 PCIE_PRSNT2 2 1 2
1 2 B5_| SND._B4 GND_A4 [N R9403 % R0402
12C4_SCL_PCIE EE S>_Roae O R0402 786 | SMCLK JTAG_TCK [ag
12C4_SDA_PCIE 9 i SMDAT JTAG_TDI
R9405 22R 5% R0d02 NP BT GNp 67 JTAG.T0O |47
o] +3.3V_B8 JTAG_TMS 3¢
B10] JTAG_TRST +3.3V_A9 a3
4 2 B11] 3.3VAUX +3.3V_A10 [Fag
PCIE_WAKE# <K—rga00 08 ¥ Roa02 WAKE# PERST# KPCIE_PERST# L
PCIE_CLKREQ << Rw;g N 2R0402 = RSVD_B12 GND_A12 : 1 2
GND_B13 REFCLK_P 213 o T épos REFCLKP
PCIE_RXOP/USB3_SSRXP Eé PETP(0) REFCLK N [ RO4TT—OR ¥o—R0207 PCIE_REFCLKN
PCIE_RXON/USB3_SSRXN PETN(0) GND_A15 |5 CodbOL [1- 2. Hb0nE ‘Cosni ety )
PCIE PRSNT2 1 GND_B16 PERP(0) [ 094_Jo11 R E B LR PCIE_TXOP/USB3_SSTXP
PRSNT2#_1 PERN(0) [ 1 PCIE_TXON/USB3_SSTXN
GND_B18 GND_A18
PCIE_RX1P éé—g;g PETP(1) RSVD_A19 ﬁgg
PCERAIN B21 JPETMN) SU0p20 [ a2 94021 || 2 100nF C0201 X5R 16V e
B22 s (1) A2 €94031_| [_2_100nF_C0201 X5R 16V
B35 GND_B22 PERN(1) |3 1 PCIE_TX1N
Bo4| PETP(2) GND_A23 257
825 | PETN(2) GND_A24 ~A—2—5_‘
—&26| GND_B25 RERP(2) [Fa5e
—p57| GND_B26 RERN(2) 57
Bs6| PETP(3) GND_A27 [Fass—
B3o| PETN(3) GND_A28 [-a20— PCIE12V
30| GND_B29 RERP(3) [a%0
PCIE_PRSNT2 2 3T | RevD_Bap RERN(3) [A31
—_——— B3o| PRSNT2# 2 GND_A31 (237
GND_B32 4 RSVD_A32 C9404 _| C9405 _| C9406
= — | 22uF 7| 22uF | 100nF
5R X5R X5R
25V 25V 25V
| cosos ™| cosos ™| coao2

Figure 2-53 PCIE is used as EP interface circuit

RK1808 PCIE is used as RC interface circuit is as follows:
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J9400
PRSNT1 : ME4% 2% i 453
PCIE_12VO—y o +12v_B1 PRSNT1# a3 R94021 QR A2 R0“02“1-
1 +12V_B2 +12V_A2 37 " OPCIE_12V
4| +12V_B3 +12V_A3 [2 |
2 GND B4 GND_A4 |52 ||I-
GPI03_C2/LCDC_D8/UARTS_TX/I2C4_SCL 22 SMCLK JTAG_TCK 35
GPIO3_C3/LCDC_D9/UARTS_RX/12C4_SDA ) SMDAT JTAG_TDI 35
GND_B7 JTAG_TDO [ag
PCIE_3V30 +3.3V_B8 JTAG_TMS [-zc
alwaly on B10] JTAG_TRST +3.3V_A9 335 $—COPCIE_ V3
VCC_3V3 o 811 3:3VAUX +3.3V_A10 217
DFTJTAG_TDI/PCIE_WAKE# ), WAKE# PERST# {PCIE_PERST#
2 A12
PCIE_CLKREQ < ooty aaND Mz AT 94051 || 2 100nF C0201 X5R 16V_//peie REF CLKP
PCIE TXOP €94031 2 100nF_C0201 X5R 16V_TKOP L3 fiveevd REFOLICN: EATA C9406 1 2_100nF_C0201 X5R 16V SépcngEgCLKN
= §< 94041 2_100nF_C0201 X5R 16V_TXON 5 p(0) _N "A15 gosi
PCIE_TXON 51 HSON(0) GND_A15 375
GND_B16 HSIp(0) PCIE_RXOP
PCIE_PRSNT Z, PRSNT2#_1 HSIn(0) 2 z, 53 PCIE_RXON
GND_B18 GND_A18
€94071 2 _100nF_C0201 X5R 16V_TX1P 9 A19
PIE TX1NSS—C94081 | [~2 100nF C0201 X5R 16V TN 620 | HSOM(1) RSVD S A0
GND_B21 HSIp(1) 4 g; PCIE_RX1P
5 GND_B22 HSIn(1) FA%3 PCIE_RX1N
2 HSOp(2) GND_A23 3
= HSOn(2) GND_A24 (35
5] GND_B25 HSIP(2) a6
7| GND_B26 HSIN(2) a7
5| HSOR(3) GND_A27 [
—Bog | HSON(3) GND_A28 [
0| GND_B29 HSIp(3) a3
PCIE 3v3o—R94161 10K 5% 2 R0402 PCIE PRSNT 1 it i . A3t
-~ 3 ! & 3
SNT2: 4% O RAFEER WS, TER% GND B32 x4 RSVD_A32
A i LB = =
& &
D‘ DI
z =
6 6
PCIE64_SMT _
PCIE64_SMT

Figure 2-54 PCIE is used as RC circuit

PCIE design notes:

PCIE_PERST/PCIE_CLKREQN/PCIE_WAKE three signal networks in RK1808 MUX to MO
(PMUIO1) and M1 (PMUIOZ2), in RK1808 solution, PMUIO1 power is set to 1.8V, PMUIO2 power
is set to 3.3V; PCIE peripheral signal requires a 3.3V power domain, so in RK1808 solution,
these three pins can only be connected to the signal on M1 (PMUIO2) and cannot be connected
to MO (PMUIO1).

Circuit is as follow:

U1000D
0,
12C0_SCL/GPIO0_BO_u [-rie—RH0s 1 2% et 12C0_SCL_PMIC
12C0_SDA/GPIO0 B1_u |FRTz < 12C0_SDA_PMIC
UARTO_TX/GPIO0_B2_d s
UARTO_RX/GPIO0_B3_d |-RRTE
UARTO_CTS/GPIO0_B4_u 373
UARTO_RTS/TEST_GLK1/GPIO0_B5_u [-xj
PCIE_PERST_M1/GPI00_B6_u |zvrg
PWMO/OTG_DRV/GPIO0_B7 d > HOST_DRV_H
12C1_SCL/GPIOD_CO_d %
12CT_SDA/GPIO0_CT_d [-avris
CLKIQ_32KIGPIO0_C2 z [Favqg—<K CLKOUT_32K
PWM1/UART3_TX/GPIO0_C3_d a7 gAP_INT_CPU
PWM3/UART3 RX/GPIO0_C4_d [avg NPU_PWREN_H
PCIE_WAKE_M1/PWM2/GPIO0_C5 d |-RRE >§ PCIE_ WAKE#
PCIE_CLKREQN_M1/UART3_CTS/GPIO0 C6 d |-RRT3 PCIE_CLKREQ
UART3_RTS/GPIO0_C7_d [Fanis > MIPICAM_PDN
DFTJTAG_TRSTN [agg"
DFTJTAG_TMS
pMUIO2_vDD Ao OVCC_3V3
c1110
1808 100nF
X5R
16V
' co2o1

Figure 2-55 PCIE control signal
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® In order to avoid damage to the chip caused by surge, 0.8V/1.8V power of the
controller needs 1ohm resistor in series.

AE15 1 "2
PICE_VCCA_0VS MY s rear—OVDDA_0V8
PICE VGCD 0V ﬁﬁg? I R140MR 5% R0442
PICE_VDDREF_0V38
PICE_VCCA_1vs FAE1S o L 2 OVCCA_1V8
_VCCA_ R14054K 5% R04q2 -
c1403 [ C1205 | c1406 C1404
| 1o00nF ~| 100nF “| 1uF | 47uF
X5R X5R X5R ——X5R
16V 16V 6.3V 6.3V
N co201 | co201 | co402 ' co402

Figure 2-56 RK1808 USB3.0/PCIE controller power prevents surge

2.3.10 RK1808+AP interconnection

When RK1808 is used as a slave device, there are three connection methods for
interconnection with AP.

(1) USB2.0+USB3.0+GPIOX2 connection mode: USB2.0 is used to download RK1808
firmware, USB3.0 is used to transfer big data, and GPIO is used to detect sleep and interrupt
communication.

(2) USB2.0+MIPI+GPIOX2 connection mode: USB2.0 is used to download RK1808 firmware,
MIPI is used to transfer big data, and GPIO is used to detect sleep and interrupt
communication.

(3) USB2.0+PCIE connection mode: USB2.0 is used to download RK1808 firmware. PCIE is
used to transmit big data, detect sleep and interrupt communication.

Above 1 and 2 connection methods are recommended.
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Chapter 3. Thermal design suggestion

3.1 Thermal simulation result

Aiming at RK1808 FCCSP420 Pin package, based on EVB 6 layers PCB and JEDEC standard
PCB, use Finite Element Modeling to get the thermal resistance simulation report. This report
is achieved based on JEDEC 2S2P standard, but the system designh and environment may be
different from JEDEC 2S2P standard, need to analyze according to the application condition.

A Note

Thermal resistance is the reference value when there is no heat sink on PCB. The detailed temperature is

related with the single board’s design, size, thickness, material and other physical factors.

3.1.1 Result overview

The thermal resistance simulation result is as below:
Table 3-1 RK1808 Thermal resistance simulation result

Package ) ] ]
(FCCSP) Power (V) 0a(T/W) 0;5(T/W) 8c(CT/W)
EVB PCB 20.71 10. 66 1.94

3.1.2 PCB description

The PCB structure of thermal resistance simulation is shown as below table:

Table 3-2 RK1808 PCB structure of the thermal resistance simulation

PCB Dimension (L x W) 153.6 x 75mm

EVB PCB PCB Thickness 1.6mm

Number of Cu Layer 6-layers

3.1.3 Terms interpretation

The terms of this chapter are as below;
® T;: The maximum junction temperature;
® Ta: The ambient or environment temperature;
® Tc: The maximum compound surface temperature;
® Ts: The maximum surface temperature of PCB bottom;
® P: Total input power;

The thermal parameter can be define as following

1. Junction to ambient thermal resistance, 014, defined as:

TC Ta.
T;-T —
By = JP 5 N (1) B iTT

Thermal Dissipation of EHS-FCBGA

Figure 3-1 0]JA definition
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2. Junction to case thermal resistance, 8;c, defined as:

I;-Tc

HJC = P . f?)

OO0 OROOOo00

3~
I R
OO0 O0OPOO OO

Attach a block with constant

temperature onto package.

Figure 3-2 0]C definition

3. Junction to board thermal resistance, 6z, defined as:

9.}3 - P

Ll (3)

#

D T
— | __beoeesoeend. |

e

Attach a block with mnstaHt‘h"““

temperature

Figure 3-3 0]B definition

3.2 Thermal control method inside the chip

3.2.1 Thermal control strategy

In Linux kernel, it defines one set of thermal control frame Linux Generic Thermal System
Drivers. It can control the system temperature through different strategies. Currently the
following 3 strategies are commonly used:

Power_allocator: Introduce PID (percentage-integral-differential) control to
dynamically allocate power for modules according to current temperature, and
convert power to frequency, so as to achieve the effect of limiting the frequency
according to temperature.

Step_wise: Limit the frequency step by step according to current temperature.
Userspace: Do not limit frequency.

RK1808 uses T-sensor inside the chip to detect internal temperature. Use Power_allocator
strategy by default and there are several working status as below:

when temperature below the set value:

m CPU frequency is not controlled by thermal, and is frequency-modulated
according to system load;

when temperature is over the set value:

B Temperature tendency goes up, start to decrease frequency;

B Temperature tendency goes down, start to increase frequency;

If the temperature is still too high after decreasing frequency (such as poor heat

dissipation), firmware will trigger restart when over 115 degrees. If the chip
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temperature over 120 degrees caused by failing to restart due to deadlock or other
reasons, it will trigger otp_out inside the chip for PMIC to power off directly or reset
system by CRU. Please refer to chapter 2.2.5.1 for detailed operations.

A Note

Temperature tendency is achieved by comparing the two values captured adjacently. When the device
temperature is not over the threshold value, capture the temperature every 1 second; when the device
temperature is over the threshold value, capture the temperature every 20 ms and limit the frequency.

3.2.2 Temperature control configuration

RK1808 SDK provides separate thermal control strategies for CPU and GPU. Please refer to
“Rockchip thermal development guide” for detailed configuration.
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Chapter 4. ESD/EMI protection design

4.1 Overview

This chapter provides ESD/EMI protection design suggestions for RK1808 product design to
help customers improve the anti-static and anti-electromagnetic interference ability of the
product.

4.2 Terms interpretation

The terms of this chapter are explained as below:
® FElectro-Static discharge (ESD);
® Electromagnetic Interference (EMI): Electromagnetic interference, including
conduction interference and radiation interference.

4.3 ESD protection

® Ensure reasonable mold design; reserve anti ESD components for port and
connectors.

® Protect and isolate the sensitive components in PCB layout.

® Try best to put RK1808 and core components in the center of PCB layout. If it is not
able to put them in the center,make sure that the shielding cover has 2mm at least
from the board edge and is connected to GND safely.

® PCB layout should consider function module and signal flow direction, sensitive
components should be mutually independent, and it is better to isolate the areas that
are easy to interference.

® Place ESD components reasonably. Generally place at the source, that is, place ESD
components in the junction or electrostatic discharge.

® Components layout should be away from the board edge and have some distance
from the connectors.

® PCB surface must have good GND loop and all connectors need to have good GND
connection loop on the surface layer. Shielding cover should try best to connect with
the surface layer GND and make as many ground holes as possible in the soldering
place to connect with GND. In order to achieve this point, it is required that the
connecting parts should not go through the surface, and there should not be a wide
range of cutting off the copper surface in layout.

® Do not go through the surface layer edge and make as many ground holes as possible.

Isolate signal from ground if necessary.

® Expose copper as much as possible to enhance the electrostatic discharging effect or
make it convenient to add remedial measures such as foam.

4.4 EMI protection

® Electromagnetic interference has three factors: interference source, coupling channel
and sensitive devices. We cannot deal with sensitive devices, so need to handle EMI
from interference source and coupling channel. The best way to resolve EMI issues is
to eliminate interference source. If it cannot eliminate, try to cut off coupling channel
or avoid antenna effect.

® [t is difficult to eliminate interference source on PCB. We can take actions such as
filtering, grounding, balancing, resistance controlling, improving signal quality (eg.
butt joint) etc. Generally several methods will be applied together, but the basic
requirement is good grounding.

® The commonly used EMI material include shielding cover, special filter, resistor,
capacitor, inductor, magnetic bead, common mode choke/magnetic ring,
wave-absorbing material, spread spectrum component etc.

® The rule to select filter: if the load (receiver) is high resistance (general single port
signal interface is high resistance, such as SDIO, RBG, CIF etc.), select capacitive
filter components and parallel connect to circuit; if the load (receiver) is low
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resistance (such as power output interface), select inductive filter components and

connect to circuit in series. If using filter components, should ensure the signal quality

within its SI permission range. Differential interfaces usually use the common mode
choke to suppress EMI.

® The shielding measures on PCB should have good grounding, otherwise it will cause
radiation leakage or form antenna effect. The shielding of connectors should comply
with the relative technical standard.

® RK1808 spread spectrum can be used in modules. The degree of spread spectrum
should be determined according to the requirements of the relevant parts. For details,
see RK1808 Spread Spectrum Description;

® EMI has the same high requirement as ESD on layout. The ESD Layout requirements
described above are mostly suitable for EMI protection. Besides, add below
requirements.

B Try best to ensure the signal integrality.

B Differential line should be in equal length and be tight coupling to ensure the
symmetry of the differential signal and minimize the disorder and clock difference
of the differential signal, to avoid converting to the common mode signal which
will cause EMI issues.

B Components with metal shell such as plug-in electrolytic capacitors should avoid
coupling interference signals to radiate. Also need to avoid component
interference signals coupling from shell to other signal lines.
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Chapter 5. Soldering process

5.1 Overview

RK1808 is a ROHS-certified product, which is a Lead-free product. This chapter regulates
basic settings of temperature for each period of time when customers use RK1808 chip SMT.
It mainly introduces process control when using RK1808 chip reflow soldering: mainly
lead-free process and mixed process.

5.2 Terms interpretation
Terms in this chapter are explained below:

® |ead-free: Lead-free process;

® Pb-free: Pb-free process, all devices (main board, all ICs, resistors and capacitors, etc.)
are lead-free devices, and lead-free solder paste is used in pure lead-free processes;

® Reflow profile: Reflow soldering

® Restriction of Hazardous Substances (ROHS): the Restriction of the use of certain
hazardous substances in electrical and electronic equipment

® Surface Mount Technology (SMT);

® Sn-Pb: Sn-Pb mixing process refers to use of lead solder paste and a mixed soldering
process with both lead-free BGA and lead IC

5.3 Reflow soldering requirements

5.3.1 Solder composition requirements

The ratio of Solder alloy and flux is 90%: 10%; volume ratio: 50%: 50%, solder paste
refrigerating temperature is 2~10°C, it should be warmed at room temperature before use, It
will take 3~4 hours to warm-up and need to make a recored.

The solder paste needs to be stirred before brushing, stirred by hand for 3 to 5 minutes or
mechanically stirred for 3 minutes. After being stirred, it is naturally turbulent.

5.3.2 SMT profile

Since RK1808 chips are made of environmental protection materials, Pb-Free process is
recommended. The reflow profile shown below is only recommended for JEDEC J-STD-020E
process requirements, and customers need to adjust according to actual production
conditions.

Volume mm? Volume mm?
Package Thickness <350 =350
<2.5 mm 235°C 220 °C
=22.5 mm 220 °C 220 °C

Figure 5-1 Standard for heat resistance of lead process device packages

Package Volume mm? Velume mm? Volume mm?
Thickness <350 350 - 2000 =2000
<1.6 mm 260 °C 260 °C 260 °C
1.6 mm - 2.5 mm 260 °C 250 °C 245 °C
=2.5 mm 250 °C 245 °C 245 °C

Figure 5-2 Standard for heat resistance of lead-free process device packages
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Time {T;min o T:ma!} {ts]

60-120 seconds

Rev 1.0
Profile Feature Sn-Pb Eutectic Assembly Pb-Free Assembly
Preheat & Soak
Temperature min (T} 100 °C 150 °C
Temperature max (T,...) 150 *C 200 °C

60-120 seconds

Average ramp-up rate
(Temax t0 Ty}

3 °Clsecond max.

3 °Clsecond max.

Liguidous temperature (T,)
Time at liquidous (t,)

183 °C
60-150 seconds

217 °C
60-150 seconds

Peak package body temperature (T_)*

See classification temp in Table 4.1

See classification temp in Table 4.2

Time (t,)** within 5 °C of the specified
classification temperature (T_)

20°* seconds

30** seconds

Average ramp-down rate (T, to T,

:mﬂ.!:'

6 “C/lsecond max.

6 *Clsecond max.

Time 25 °C to peak temperature

6 minutes max.

8 minutes max.

* Tolerance for peak profile temperature (T,) is defined as a supplier minimum and a user maximum.
" Tolerance for lime al peak profile temperalure (1,) is defined as a supplier minimum and a user maximum.

Figure 5-3 Classification of reflow soldering profile

Suppliaer 2T,

Supplier ty ——

§ ™ '
Max. Ramp Up Rate = 3°C/s
o Max. Ramp Down Rate = 6°Cls
— TL ¥
=
- Tsmax Preheat Area
© + ¥
-
Q
o
£ ¥
Q ts >
=
25
k—— Time 25°C to Peak

Time —>

IPC-020d-5-1

Figure 5-4 Lead-free reflow soldering process profile

5.3.3 SMT recommendation profile
The SMT profile recommended by RK is shown in Figure 5-5
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Step 1
Board Preheat

Step 2
Soak Time

Step 3
Peak Reflow & Time Above 220 °C

Step 4
Cool Down

Start with solder joint temp <

After nozzle is lowered

Solder Joint Temp 230 - 250°C

Substrate MAX Temperature

0.5-2.5°C/ Sec.

40°C prior to peak reflow Above 2217°C 60 - 90 sec £260°C
(Soak Time: Paste dependant; consult | Max delta-t of solder joint temperature at peak | Die Peak Temperature <300°C
paste manufacturer) reflow £10°C

Rising Solder Joint Temp: Cooling Ramp Rate

Ramp Rate 200 to 220°C

-0.5 to - 2.0°C/sec

Board Preheat Solder Joint
Temp:
125-150°C

Critical Ramp Rate (205.t0215°C):
0.35 - 0.75°C/sec,

Peak Temp Range,
and Time Above 2217°C spec’s met.

PCBand/pad temperature
needs to'he at 100 - 130°C
+5°C when removing board
from rework machine bottom
heater at end of compgonent
removal operation or <80°C
when using stand alone PCB
Pre-Heater for PCB land/pad
site dress operation.

Preheat with
bottom heater,
before nozzle
is lowered

Nozzle has lowered to reflow
component

Nozzle is down during
peak reflow

Nozzle raises to home
position when solder joint
reaches peak temp range

Figure 5-5 Lead-free reflow soldering process recommended profile parameters
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Chapter 6. Packages and Storage Conditions

6.1 Overview

This chapter introduces the storage and directions for use of RK1808 to ensure the safety
and correct use of products.

6.2 Terms interpretation

Terms in this chapter are explained below:

® Desiccant: a material used to adsorb moisture

® Floor life: the maximum time products are allowed to be exposed to environment,
from before unpacking moisture barrier to reflow soldering;
Humidity Indicator Card(HIC): humidity indicator card;
Moisture Sensitivity Level(MSL)

Moisture Barrier Bag(MBB)

Rebake

Solder Reflow

Shell Life

Storage environment

6.3 Moisture Barrier Bag

The dry vacuum packaging material of product is as follows:

® Desiccant;

® Six-point humidity card;

® Moisture-proof belt, aluminum foil, silver opaque, mark with moisture sensitivity
level;

Rakg

T Y

i

Figure 6-1 Chip dry vacuum packaging
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Figure 6-2 Six-point humidity card

6.4 Products storage

6.4.1 storage environment

Products are stored in a vacuum packages and can be stored for up to 12 months with
environment temperature <40°C and a relative humidity <90%.

6.4.2 Exposure time

Under ambient conditions <30°C and humidity 60%, please refer to Table 6-1 below.

RK1808 chip has an MSL rating of 3 and is very sensitive to humidity. If the chip is not used
in time after unpacking, and if it is not baked and directly SMT after being left for a long time,
there will be a high probability of chip failure.

Table 6-1 Moisture Sensitivity Levels (MSL)

Exposure time

A v Factory environmental conditions: <30 °C /60 %RH

Unlimited at <300 °C/85 %RH

1 year

4 weeks

72 hours

48 hours

1
2
2a
3 168 hours
4
5
5a

24 hours

Mandatory bake before use, must be reflowed within the time limit specified on
the label.

6.5 Use of moisture sensitive products

After RK1808 chips packages are opened, the following conditions must be met before
reflow soldering:
® Continuous or cumulative exposure time is within 168 hours, and factory
environment is <30°C/60% RH;
® Stored in <10% RH environment;
Chips must be baked to remove internal moisture under the following conditions to avoid
delamination or popcorn problems during reflow:
B When humidity indicator card is at 23+5°C, >10% dots have changed color.
(Please refer to humidity indicator cards for color change);
B Does not meet the specifications of 2a or 2b;
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Please refer to Table 6-2 below for the time for chip re-baking:

Table 6-2 RK1808 Re-bake reference table
Low Temp Bake @40°C

Medium Temp Bake

High Temp Bake @125°C
@90°C+8/-0°C +5/-0°C

Package | o +10/-0°C
Body Exceeding | Exceeding | Exceeding | Exceeding | Exceeding | Exceeding
Floor Life Floor Life | Floor Life | Floor Life | Floor Life | Floor Life
by > 72h by < 72h | by >72h | by < 72h | by > 72h | by < 72h
Thickness
3 9 hours 7 hours 33 hours | 23 hours 13 days 9 days
<1l.4mm

A Note

The table shows the minimum baking time necessary after damp.
Re-baking prefers low-temperature baking.
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